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ADVERTISEMENT TO THE PRESENT EDITION. 



In the year 1850, Sir Rowland Macdonald Stephenson, 

to whom India is so deeply indebted for the introduction 

> of railway communication, under the Governor-General- 

oLship of the late Earl of Dalhousie, presented gratui- 

Ttously to the late Mr. John Weale, as marking his 

^ estimation of the " Rudimentary Series/^ the original 

treatise on the " Science of Railway Construction/' 

of which a fourth edition, greatly enlarged, is now pre- 

\ sen ted to the reader, with his approbation, kindly con- 

^ ceded to the publishers, under the editorship of Mr. 

^ Edward Nugent, C.E. 

In the second edition, published in 1861, much use 
was made of '* American and European Railway Prac- 
tice,'' by A. L. HoUey, then just published at New 
York, one of the best practical books on the subject of 
Railway Construction, more particularly iu all that 
relates to the Permanent Way. 

The work is divided into ten sections, the whole of 
which have been carefully revised and corrected. In the 
first, on Mensuration, and iu the second, on Surveying, 
the solution of the problems has been greatly simplified, 
and concise useful additions have been made. The 
fourth division, on Railway Curves, has been entirely 
rewritten, and much useful matter introduced relating 
to turnouts, crossings, and vertical curves at junction 
of gradients. In the sixth division, which treats of 
Mechanical Details, and in the seventh, of Stations, con- 
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siderable pains have been devoted to illustrate the best 
forms of rails and sleepers, and of the modes of sig- 
nalling. A note to the eighth division, on the Per- 
manent Way, explains the method adopted for ob- 
taining sufficient bearing iu constructing the Liverpool 
and Manchester Railway over Chatmoss ; with remarks 
on a cheap and effective method of solidifying em- 
bankments and earthwork generally, previous to laying 
the permanent way, so as greatly to diminish the cost 
of maintenance afterwards. The remaining divisions 
have all been carefully revised, and all problems, 
calculations, and tables freed from the many errors 
which had unfortunately crept into the former edition. 

The Editor has added to the tenth division, on 
Forms of Returns and Specifications, I. Form of 
Parliamentary Estimate for a Proposed Railway, in 
Accordance with the Standing Orders. II. Forms of 
Plans and Sections of Railways, in Accordance with the 
Standing Orders, to be deposited in the Private Bill 
Office, the Office of the Board of Trade, &c., with 
Explanatory Remarks for 1868. III. Forms of Con- 
tract-Plans and Sections, with Explanations. 

In their present form these ^^ Rudimentary and Prac- 
tical Instructions on the Science of Railway Construc- 
tion " not only furnish short and easy instructions for 
beginners, but also a very large amount of practical 
information, which cannot fail to prove useful to Boards 
of Management, Contractors, Engineers, and others, 
employed in the various branches of Railway Con- 
struction. 

August, 1869, 



ADVERTISEMENT TO THE SECOND EDITION. 



The First Edition of the Rudimentary Volume on 
Railway Details, being Vol. LXII. in the Series, 
written in 1850 by Sir Macdonald Stephenson, and 
gratuitously presented by him in aid of these publica- 
tions of technical works, specially written in a simple, 
elementary, and practical form, has been for some time 
out of print, A new one or second edition is presented 
with additions, adding to its elementary and practical 
character ; and with the kind sanction of Sir Macdonald 
Stephenson, Divisions seven, eight, and nine, those 
parts originally written by him, are again given as 
models or examples for the student. Divisions one to 
six are purely of an elementary kind, as short and 
easy instructions for young men beginning their 
career, who are desirous of acquiring a knowledge of 
these elementary principles, essential for them to learn. 
Division ten is entirely practical. The Permanent 
Railway Company gave me permission to copy from 
their Reports and Papers, but as Mr. Holley, of New 
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York, in his published volume of the present year 
(1861), has done the same, more fully and illustratively 
than would be done by another, I am indebted to that 
gentleman for the copious extracts made, as will be seen 
in Division ten. To all practical men the work of Mr. 
HoUey, published in a 4to volume, is recommended 
(not in depreciation of Mr. Dempsey's practical work, 
but as an auxiliary to the same) as a very excellent 
work for use in the construction and the working of 
railways. 

J. W. 
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RAILWAYS. 



liSfTRODUCTION. 



Bailways may, with equal force and propriety, be de- 
fined as the great modern instrument of civilisation — the 
detached links of that extended chain which, at no distant 
date, shall connect the remotest ends of the world, and 
exercise upon the whole family of man a humanising and 
irresistible influence. 

Their general principles may be regarded as the adaptation 
of mechanical contrivance for the diminution of friction in 
the ordinary appliances of locomotion, and a consequent 
reduction of time and space proportioned to the degree of 
perfection attained in the means employed. 

Of their origin, progress, and present position, it is 
admitted that the collieries first benefited by the use of 
wood and cast-iron tramways, to convey heavy loads for 
short distances, at a cost for traction which speedily attested 
its superiority over the common road. The soundness of 
the principle gradually induced its extension. Flat stone 
tramways and wrought-iron rails in endless variety of form 
underwent the test of examination and experiment, and 
after several years, and great, though perhaps unavoidable 
cost, the Eailway system is firmly established upon a secure 
and solid base, with clear and defined general principles, 
and in course of rapid and universal extension. 

B 



3 INTRODUCTION. 

In considering the comparative advantages of the re- 
spective plans of construction and working, it must be 
remembered that the entire burthen of the costly experi- 
ment has been borne by England, and that foreign states 
have prudently awaited the results, and lost no time in 
profiting by them. The general characteristics of the 
English works are solidity and strength, durability and 
grandeur; of the Belgian, Prussian, and others of the 
continental works, simplicity, judicious economy, and 
especial adaptation of the principle to the exigencies and 
resources of the respective countries ; and of the American 
works, rigid and parsimonious economy, having for its 
object the extension over the greatest possible distance of 
the least quantity of materials, with a view to the speediest 
though least efficient opening of the communication, and 
assuming the cost of future relaying to be less onerous than 
the loss of interest upon the heavier and more substantial 
works. 

Among the objections founded on past experience to 
particular practices, may be enumerated the extremes both 
of EngUsh and American works. A judicious combination 
of the solidity of the former with the simplicity of th^ 
latter, avoiding the manifest defects of both, will probably 
afford the means of securing the greatest attainable amount 
of permanent benefit, at the least possible cost. 

That the construction, maintenance, and working should 
be so regulated with reference to the cost and the wants of 
the community, as to admit of establishing the lowest 
possible rate of fares; the neglect to recognise the im- 
portance of not entailing heavy after-expenses, under an 
overrated impression of the advantage of cheap construction 
at the outset, and a too ready adoption of the mistaken 
views of enthusiastic admirers of the principle, who would 
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adapt to circumstances totally dissimflar a mode of 
construction and description of work which, however 
suitable in the one case, is frequently the least appK- 
cable in the other: — The practical illustration of these 
views will be contained inr this portion of this little work, 
in which will be found a collection of all the best Rail- 
way operations, arranged in such form as to admit of 
comparison with others. 

The most interesting inquiry in connection with the 
subject of Railways, now that their use in England has 
become so widely diffused, is the probability and the most 
effectual means of their extension still further in the British 
colonies, under circumstances and within a period to render 
it probable thJat the benefit sjiall not be limited exclusively 
to the particular colony, but shall be largely participated in 
by the country from which the useful impulse shall have 
Been imparted. 

To this end, certain well understood precautions are 
indispensable. The extremes of extravagance and parsi- 
mony will be found alike injurious. The difficulty of 
maintaining a middle course is at all times much increased 
by the injudicious zeal and misplaced earnestness of the 
several advocates of their respective plans. An English 
railway engineer, unacquainted with the construction of 
similar works in America, will too frequently disregard the 
really economical features of the foreign work ; while an 
American, imbued with the undeniable benefits which have 
attended the cheap, light, and rough works of his own 
country, will scarcely give the consideration, or attach the 
weight wliich is undoubtedly due to the stability and per- 
manent character of the English system of construction. 

Under the recently adopted practice of appropriating 

surplus profits to reconstruction, the Boston, Lowell, and 

b2 
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other railway companies, have completed a second line of 
rails of a more permanent description, and without inter- 
ruption to the traffic. As a single line, it realised 12 J per 
cent, to the stockholders, of which 8 per cent, was divided, 
and 4J- per cent, set aside to accumulate for this purpose. 

The ingenuity of the engineering world at large has been 
unceasingly directed for several years to the solution of that 
problem, which should constitute the groundwork of our 
colonial railway practice, viz., the attainment, in the con- 
struction, of a stability which shall be at the same time the 
most economical and the most permanent ; neither building 
too strong, at a prejudicial cost of interest for plant, nor 
refining too closely to the increase of current repairs and 
cost of maintenance. 

It is not unreasonable to assume that in each country the 
results of this steady direction of especial talent upon one 
common object should have produced its fruits ; and it is 
no less certain, that in our colonies and in India there 
exist many points of strict analogy with the practice both 
of Europe and America; the observance or disregard of 
which, with the judgment exercised in their suitable adapta- 
tion to the particular exigencies of the case, will constitute 
at the same time one of the most difficult and important 
duties of those who are engaged in these works. 

Past experience is to be regarded as a warning beacon. 
No justification can be admitted for future errors. No 
plea will be recognised for experimentalising. Sufficient 
precedents exist for all possible emergencies in the collective 
operations of the various states of Europe and America. 

It is to be regretted that among the numerous and able 
publications which have issued from the press, at home ^ 

* ** Practical Railway Engineer," by G. D. Dempsoy, 4to. 1866. 
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and abroad, there should be no one devoted to the particular 
purposes of comparative railway engineering, from which the 
several objects to be accomplished being shown, the means 
adopted under the varying circumstances should be given, 
by which the comparative sufficiency or defects, the ex- 
cessive or inadequate strengths and proportions of the 
means to the end, and the relative expenses of the several 
systems, should be so accurately ascertained as to afiford 
sure and unerring data for future guidance. 

Such a desideratum it is intended, in the following part 
of this little work, to initiate upon the limited and unpre- 
tending scale which of necessity characterises an elementary 
and popular production, in the hope and expectation that 
it may induce those who are so well able to accomplish the 
object fully and effectually, to consider the subject not un- 
deserving their attention, and that a portion of that time 
which, among railway engineers especially, has for so long 
been exclusively devoted to the designing and construction 
of those splendid monuments of science, talent, perseverance, 
and public spirit, may be occasionally applied to the eluci- 
dation of principles, the illustration of practice, and the 
comparative merits and demerits, advantages or disad- 
vantages over similar works, with a view to the establish- 
ment of fixed, well founded, and clearly demonstrated 
principles. 

With these few remarks, we may proceed at once to the 
consideration of the study, in acquiring perfectly the simple 
sciences of Mensuration of Superficies or Surfaces, of Solids, 
Engineering, Surveying, and Levelling ; on Laying out Bail- 
way Curves, Cuttings, Embankments and Tunnels. These 
fundamental principles are essential in the formation of a 
railway engineer. 

To obtain parliamentary sanction to an English railway. 
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certain stipulations are required to be scrupulously 
observed : — the direction and precise length of the line 
to be shown : — the points of junction with others : — the 
properties passed through and affected : — and a uniform 
scale to be adhered to. The limits of deviation on the 
plans are 100 yards on each side of the line, and 5 feet 
in the sections, except in passing towns, where 2 feet 
only are allowed. 

Due provision will be made by the engineer for the 
quality of materials, workmanship, proportions, and 
form of laying, and on all points upon which it is in- 
dispensable that the contractors should be bound in 
their contracts. 

We will now commence with our elementary studies, 
essentially to be mastered by the student, as in parts 
1 to 6, as follows, beginning with Mensuration, &c. 



DIVISION I. 



MENSURATION OF SUPERFICIES OR 

SURFACES. 



The area of a surface is estimated by the number of 
squares in that surface, without regard to thickness, the 
side of those squares being 1 inch, 1 foot, 1 yard, &c. 
Hence the area is said to be so many square inches, or 
square feet, or square yards, &c. 

A Table of Square Measure, 



Sq. ins. 


Sq. feet. 












144 


1 


Sq. yards. 




1,296 


9 


1 


Sq. poles. 




39,204 


272i 


30J 


1 


Sq. rods. 






1,089 


1,210 


40 


1 


Acres. 


Square 




43,560 


4,840 


160 4 


1 


mile. 






3,097,600 


102,400 2,660 


640 


1 



Problem I. 
To find the area of a parallelogram^ whether it he a square, 
a rectangle, a rhombus, or a rhomboid. 

EuLE. — Multiply the length by the breadth or perpen- 
dicular height, and the product will be the area. (See 
first figure.) 

1. The length of a rectangular board is 7 feet and its 
breadth 4 feet : required its area in square feet. 



^m^mi ia_^_ ^_u i^-^-^^^a — ■— ^^ ' 

^_ ' L —^i^il 111 




3y the Eule 7 x 4 = 28 square feet, the area required. 
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2. The side of a square is 18 inches ; required its area 
in square feet. (See last figure.) 

18 X 18 _ 27 ^. .... .* , 

-T^ Yo ~ To == 2i square feet, the area required, 

8. To find the area of a rhombus, the length of which is 
6-2 feet, and its perpendicular breadth 5*45. (See second 
figure.) 

6-2 X 5*45 = 33-79 = 33| square feet nearly. 

4. The length of a table is 7 feet 8 inches, and its breadth 
3 feet 10 inches; required its area. 

ft. in. 

7 8 
3 10 



23 
6 4 8 

29 4 8 
Here the operation is performed by duodecimals, and the 
area is found to be 29 square feet, 4 inches (or 12ths), 8 
parts (or -j^^j-ths). 



Peoblem II. 
To find the area of a triangle, 

EuLB I. — Multiply the base by the perpendicular height, 
and take half the product for the area. 

EuLE II. — When the three sides only are given : add 
the three sides all together, and take half the sum ; from 
the half sum subtract each side separately ; multiply the 
half sum and the three remainders continually together ; 
and take the square root of the last product for the area of 
the triangle. 

1. Let the base AB equal 42 feet, and the perpen- 
dicular C D equal 33 feet ; required the area in square yards. 



SUPERFICIES OR SURFACES. 




By Eule I. 

42 X 33 -f- 2 = 693 square 
feet, and 693 -r- 9 = 77 sq. 
yards. 

A D B 

2. To find the number of square yards in a triangle, the 
sides of which are 13, 14, and 15 feet. 
By Eiile II. 



13 






21 




14 






6 




15 
















126 




2)42 






7 




^ sum 21 


21 


21 


882 




13 


14 


15 


8 


9 


remainders 8 


7 


6 


7056(84 square feet. 








64 


= 9^ sq, yds. Ans 



164)656 
656 

3. The base of a triangle is 18 feet 4 inches, and its 

height 11 feet 10 inches; required its area. 

ft. in. 

18 4 
11 10 



201 
15 



8 
3 4 



2)216 11 4 



108ft. 5' 8" area required. 



Problem III. 
To find the area of a trapezoid. 
Rule. — Add together the two parallel sides, multiply the 

B 8 
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sum by the perpendicular distance between them, and take 
half the product for the area. 

1. In a trapezoid the parallel lines are AB7'5, and 
DO 12*25, also the perpendicular distance AP is 15*4 
feet ; required the area. 

12-25 
7-5 



/ 



I 



B 19-75 

15-4 



7900 
9875 



DP C 1975 



2)304150 



152*075 square feet. Ans. 

2. Required the area of a trapezoid, the parallel sides 
being 21 feet 3 inches and 18 feet 6 inches, and the dis- 
tance between them 8 feet 5 inches. 

Ans. 167 sq.ft., 3' 4" 6' 



►/// 



Problem IV. 
To find the area of a trapezium. 

Rule. — ^Divide it into two triangles by a diagonal, then 
find the areas of these triangles, and add them together. 

Or, if the two perpendiculars be let fall on the diagonal, 
from the two other opposite angles, the sum of these per- 
pendiculars being multiplied by the diagonal, half the pro- 
duct will be the area of the trapezium. 

1. Knd the area of the trapezium A B C D, the 
diagonal A C being 42, the perpendicular B E 18, and the 
perpendicular D P 16. 



8UPERPICTES OR SURFACES. 



11 



18 
16 

84 Sum 
42 



B 



68 
136 

2)1428 




714 Ans, 
2. How many square yards of paving are in the trape- 
zium^ the diagonal of which is 65 feet, and the two perpen- 
diculars let fall on it are 28 and 38*5 feet ? 

Ans. 240-1388 i/ards. 



Problem V. 
To find the area of a regular polygon. 
BuLE I. Multiply the sum of the sides or perimeter of 
the polygon by half the perpendicular from its centre to 
one of its sides, and the product will be the area. 

EuLE II. — Multiply the square of the side of the poly- 
gon by the number opposite its name, in the column headed 
" Areas,'^ in the following table, and the product will be 
the area required. 





TABLE OF POLTOONS. 






No. of 
Sides. 


Name. 


Bad. 
Inscribed 


• Bad. 
Circnmsc 


Areas. 




Circle. 


Circle. 




8 


Trigon or equilateral-triangle Jj* 


"C '2887 


•5773 


-4330 


4 


Tetragon or square . , i^ , 


, -5000 


•7071 


1-0000 


6 


Pentagon . . . ^5-. 


, -6882 


-8506 


1-7205 


6 


Hexagon . . . . ^ 


•8660 


1-0000 


2-6981 


7 


Heptagon . . • 7* ' 
Octagon . . . . ^. , 


, 1-0383 


1-1524 


3-6339 


8 


1-2071 


1-3066 


4-8284 


9 


Nonagon . • ^.'> 
Decagon . . . %^ 


1-3737 


1-4619 


6-1818 


10 


1-5388 


1-6180 


7-6942 


11 


Undecagon . . if,} 


1-7028 


1-7747 


9-3657 


12 


Dodecagon. . . . /^ 


1-8660 


1-9319 


11-1962 



12 



MENSURATION. 



FORMULA. 

Let 5 = A B = side of the polygon, 
^ = C P perpendicular from the centre 
on A B, w = number of sides of the po- 
lygon, and a = its tabular area ; then the 
area A. := ^ n p s, and A = a s'^. Also 

/A 2A^ .^_2A 

s = >v/— = > and^ = . 

2 a np ns 

-The formulas may be omitted, being only required in par- 
ticular eases. 




1. Eequired the area of a regular pentagon, the side 
A B of which is 25 feet, and the perpendicular C P = 
17-205. 



By Eule T. 

17-205 
25 X 5 = 125 = perim. 

86025 
34410 
17205 



By Eule II. 
1-7205 table area. 
625 =r 25 2 



2)2150-625 



86025 
34410 
103230 



1075-3125 sg.feet. 1075-3125 sq,feet. Ans. 

2. Required the area of a hexagon, the side of which is 
20 feet. Ans. 1039*23 square feet 

3. Eequired the side of a decagon, the area of which is 
16 square feet. 

By the third formula, the side s = v' — , that is, 

a 



s/ 



16 



7-6942 



= 1-442 feet = 1 foot 5*3 inches. 









u 
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Problem VI. 

To find the area of a circle tchen the radius or 

diameter is given. 

KuLE I. — Multiply the square of the radius by 3*1416, 
or the square of the diameter by *7854, for the area. 

To find the area of the circle when the circumference 

is given. 

Rule II. — Multiply the square of the circumference by 
•07958. 

1. Required the area of a circle the radius of which is 

5 feet. 

By Rule I. 31416 

25 = 5* 

c: 



157080 
62832 




78-5400 sg[, feet. 

2. The circumference of a circle is 18*4 feet, what is 
its area ? Ans. 26 '92 square feet. 

3. How many square yards are in a circle whose diameter 
is 3 J feet ? Atis. 1*069 square yards. 



Problem VII. 

The chord (B E) and the height or versed sine (C D) of an 
arc (B C E) of a circle being given, to find the diametef 
(A C) and the chord of half the arc (B C). 

Rule. — Divide the square of half the chord B E by the 
height C D ; to the quotient add C D, and the sum will be 
the diameter A C ; half of which is the radius B O or C 0. 
And to find B C, multiply A C by C D, and the square root 
of the product is the length of B 0. 
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1. The chord of an arc is 48 feet, and its height 18 ; 
required the diameter of the circle of which the arc is a 
part. 

C By the Eule 24 = JBE = BP 

Ae C D = 18)576 

O i — 

32 
18 = C P 



A 50 feet = A C. 

Whence the radius B 0=25 feet. 



Problem VIII. 

To find the diameter and circumference of a circle, 

the one from the other. 

Rule I. — As 7 is to 22, so is the diameter to the cir- 
cumference ; as 22 is to 7, so is the circumference to the 
diameter. 

Rule II. — As 1 is to 3* 14 16, so is the diameter to the 
circumference; as 3*1416 is to 1, so is the circumference 
to the diameter. 

1. Find the circumference of a circle whose diameter 
is 10. 

By Eule I. 7 : 22 : : 10 : 31| 

10 



7)220 



31^ = 31-42857, Ans. 

By Eule II. 1 : 31416 : : 10 : 31-416 

10 



314160 which is nearer the truth. 
2. If the diameter of the earth be 7912^ miles, as it is 
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very nearly, what is the circumference, supposing it to be 
exactly round ? 

8-1416 X 7912-5 = 24857-91 miles. 

3. Eequired the diameter of a coach wheel that turns 
round 500 times in travelling a mile. 

5280 -r- 500 = Zft. 5-05 in. 

Problem IX. 

To find the length of any arc of a circle. 

Case I. — ^When the degrees in the arc and the radius 

are given. 
EuLE I. — As 180° is to the number of degrees in the 
arc, so is 3'1416 times the radius to its length. 

Case II. — ^When the chord of half and of the whole arc 

are given. 
EuLE n. — ^From 8 times the chord of half the arc sub- 
tract the chord of the whole arc, and take \ of the re- 
mainder for the length of the arc nearly. 

1. To find the length of an arc of 30 degrees, the radius 
being 9 feet. 

By Eule I. 31416 

9 



180 : 30 : : 28-2744 : 4-7124 feet. 

2. The chord BE of the whole arc being 4-65374 feet, 

and the chord BC of the half arc 2*34947; required the 

length of the arc. (See fig. to Problem VII.) 

By Eule II. 2-34947 

8 



18-79576 
4-65874 

3)1413702 

An%, 4-71234 feet. 
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3. Required the length of a circular iron girder, the 
span (B E) of which is 48 feet, and the rise (C D) at the 
crown 18 feet. (See fig. to Problem VII.) Ans. M/eeL 



Problem X. 

To find the area of a aector of a circle. 

Rule I. — Multiply the radius by half the arc of the 

sector for the area. 

Note. — The arc may be found by Prob. IX. 

Rule II. — As 360 is to the degrees in the arc of the 
sector, so is the whole area of the circle to the area of the 
sector. 

1. What is the area of the sector C AD B, the radius 
AC=CB being 10, and the chord A B = 16? 

By Euclid, 47 of the 1, and Rule II., Prob. IX. 

100 = A C« 
64 = AE^ 




"^Y Rule I., Prob. X. 



36(6 
10 


= C E 
= CD 




4 


= DE 




16 
64 


= DE* 
= AE« 




80 


( 8 9442719 = 

8 


:AD 




71-5541752 
16 




3) 

2) 

• • • 


55-5541752 
18-5180584 arcADB 
9-2590297 = half arc 
10 = radius 



92-590297 Ans, 
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2. Eequired the area of a sector, the arc of which con- 
tains 96 degrees, the diameter being 3 feet. 

•7854 

9 = 3= 



70686 = area of the whole circle. 

Then by Rule II., 

as 360^ : 96° : : 7 0686 
or, as 30° : 8° :: 7-0686 : 1-88496 sq^.feeL Am, 

3. What is the area of a sector, the radius of which is 

10 feet, and the arc 20 ? Am. \\\ square yarda. 



Problem XI. 
To jmd the area of a segment of a circle. 

EuLE I. — Find the area of a sector having the same arc 
as the segment, by the last problem ; find also the area of 
the triangle formed by the chord of the segment and the 
two radii of the sector : then take the difference of these 
two areas, when the arc is less than a semicircle, for the 
required area ; but add for the area when the arc is greater 
than a semicircle. 

Rule II. — Divide the height, or versed sine of the seg- 
ment, by the diameter, and find the quotient in the 
column of versed sines, in the Table given at page 21 ; 
take out the corresponding area in the next column on 
the right hand, and multiply by the square of the dia- 
meter for the area. 

I. Required the area of the seg- 

ment ACBDA, its chord AB A.^^^ ::^^p-^ B 
being 12, and the radius AE or CE 
10 feet. 

Putr= AE,C= AB,«? = CD, 
p =ED, ^ = tabular area, and a = 
arc A C B, then 




•^•■».'.— ••• 
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Note 1. — ^When the segment is greater than a semicircle, find 
the area of the remaining segment, and subtract from the whole 
area of the circle for the required area. 

Note 2. — The first rule or formula gives an approximate value 
of the area, not very far from the truth ; the last formula is still 
nearer the truth ; and the second rule or formula may be con- 
sidered as exactly true. 

First find C D and A C from the properties of the 

figure, and the length of the arc A C B by'Prob. IX. ; 

then find the area by Rule I.; thus D E =n/AE'*- AD'^= 

>/ 10^ -. 62 = 8, CD = CE-DE = 10-8 = 2, and AC 

= VAD^ + CD^ = v^ 6' H- 2^ = 6-824555 ; whence 

6-324555 x 8 — 12 ^^ ^.^ . . . ^ ^ , , 
5 =38-59644 = arc A C B, and by 

^ 3 

Rule L, ^38-59644 x 10) — i(12 x 8) = 163274 

3 
square feet. Ans, 

By Rule II. The example being the same'*as before, 

we have C D equal to 2 ; and the diameter 20. 

Then 20 ) 2 (-1 

And to -1 answers . . -040875 per Table, page 21. 

Square of diameter . 400 



Ans, 16*3500 s^'ware/ee*. 
By the third formula, the same example being still 

used, A = f V y C^ + fv^ = I ^/T22T|2^ = 16-3616 
square feet, which is very near the truth. 

2. What is the area of the segment, the height of which 
is 2, and the chord 20 feet? Am. 26-87318. 

Problem XII. 
Rule. — The zone being first divided into a trapezoid 
(A B C D) and two equal segments (B H D and A C), 
find the area of the trapezoid by Prob. III., and the 
areas of the two segments by Prob. XI.; which areas, 
being added together, will give the area of the zone. 
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1. The breadth of a zone is 42 feet, and its parallel 
chords are 48 and 36 feet ; required the area. 

The Diameter, K L, is found by ^,^-t"— ** 

FormulafZ= -y/ | 6 + 2 (C* X c^) k^f-— 

+ ( "T^ J I C and c being the Ij q 

half chords, h the breadth, and d the \ 
diameter. The area may then be \ 

fonnd by the rule just given. ***^.. 

L 

3. The two parallel chords of a zone are each 100 
feet, and the radius of the circle 72 feet ; required the 
area of the zone. Ans. 13500^ square feet. 



Problem XIII. 



To find the area of a circular ring, or the space in- 
eluded between two concentric circles. 

KuLE. — Multiply the sum of the radii by their 
diflFerence, and multiply the product by 3*1416 for the 
area. 

1. The diameters of the two concentric circles being 
A B 20, and D G 12 feet, required the area of the ring 
contained between their circumferences A E B A, and 
DFGD. 

A = 10 314:16 

D = 6 64: 



sum 16 124664: 

dif. 4 188-496 




64 201-0624: 

2. The diameters of the two concentric circles being 
20 and 10 feet, required the area of the ring between 
their circumferences. Ans. 235*62 square feet 
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Problem XIV. 
To find the area of an ellipse. 
EuLB. — Multiply the product of the semiaxes T P, C P, 



by 3* 14 16 for the area. 
Cm 




1. The axes of an elliptical 

R shrubbery in a park are 800 

and 200 feet ; required the area. 



On 



150 X 100 X 3-1416-5-9 = 5336 square yards 
= 1 acreS9Q square ^ards. 

2. Required the area of an ellipse, the axes of which are 
70 and 60 yards. Ans. 2748 square yards 8/eeL 



Problem XV. 

To find the area of an elliptical segment^ the chord of which 
is parallel to one of the axes. {See last figure,) 

Rule. — Divide the height of the segment by that axis of 
the ellipse of which it is a part ; and find in the Table a 
circular segment having the same versed sine as the 
quotient. Then multiply continually together this seg- 
ment and the two axes, for the area required. 
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THE AREAS OP SEGMENTS OP CIRCLES. DIAMETER UNITY. 



Height. . 


A^rea Segment. 


Height. 


Area Segment. 


Height. 


Area Segment. 


•001 


•000042 


•050 


•014681 


•099 


•040276 


•002 


•000119 


•051 


•015119 


•100 


•040875 


•003 


•000219 


•052 


•015561 


•101 


•041476 


•004 


•000337 


•053 


•016007 


•102 


•042080 


•005 


•000470 


•054 


'016457 


•103 


•042687 


•006 


•000618 


•055 


•016911 


•104 


•043296 


•007 


•000779 


•056 


•017369 


•105 


•045908 


•008 


•000951 


•057 


•017831 


•106 


•044522 


•009 


•001135 


•058 


•018296 


•107 


•045139 


•010 


•001329 


•059 


•018766 


•108 


•045759 


•Oil 


•001533 


•060 


.019239 


•109 


•046381 


•012 


•001746 


•061 


•019716 


•110 


•047005 


•013 


•001968 


•062 


•020196 


•111 


•047632 


•014 


•002199 


•063 


•020680 


•112 


•048262 


•015 


•0024:S8 


•064 


•021168 


•113 


•048894 


•016 


•002685 


•065 


•021659 


•114 


•049528 


•017 


•002940 


•066 


•022154 


•115 


•050165 


•018 


•003202 


•067 


•022652 


•116 


•050804 


•019 


•003471 


•068 


•023154 


•117 


•051446 


•020 


•003748 


•069 


•023659 


•118 


•052090 


•021 


•004031 


•070 


•024168 


•119 


•052736 


•022 


•004322 


•071 


•024680 


•120 


•053385 


•023 


•004618 


•072 


•025195 


•121 


•054036 


•024 


•004921 


•073 


025714 


•122 


•054689 


•025 


•0052;^0 


•074 


•026336 


•123 


•055345 


•026 


•005546 


•075 


•026761 


•124 


•056003 


•027 


•005867 


•076 


•027289 


•125 


•056663 


•028 


•006194 


•077 


•027821 


•126 


•057326 


•029 


•006527 


•078 


•028356 


•127 


•057991 


•030 


•006865 


•079 


•028894 


•128 


•058658 


•031 


•007209 


•080 


•029435 


•129 


•059327 


•032 


•007558 


•081 


•029972 


•130 


•059999 


•033 


•007913 


•082 


•030526 


•131 


•060672 


•034 


•008273 


•083 


•031076 


•132 


•061348 


•035 


•008698 


•084 


•031629 


•133 


•062026 


•036 


•009008 


•085 


•032186 


•134 


•062707 


•037 


•009383 


•086 


•032745 


•135 


•063389 


•038 


•009763 


•087 


•033307 


•136 


•064074 


•039 


•010148 


•088 


•033872 


•137 


•064760 


•040 


•010537 


•089 


•034441 


•138 


•095449 


•041 


•010931 


•090 


•035011 


•139 


•066140 


•042 


•011330 


•091 


•035585 


•140 


•066833 


•043 


•011724 


•092 


•036162 


•141 


•067528 


•044 


•012142 


•093 


•036741 


•142 


•068225 


•045 


•012554 


•094 


037323 


•143 


•068924 


•046 


•012971 


•095 


•037909 


•144 


•069625 


•047 


•013392 


•096 


•038496 


•145 


•070328 


•048 


•013818 


•097 


•039087 


•146 


•071033 


•049 


•014247 


•098 


•039680 


•147 


•071741 



Note. — When the tabular height exceeds the heights given in this 
Table, the segment must be divided into two equal parts, and their 
common chord and versed sine, or height, found by Prob. VII., p. 13. 
The tabular height will then fall within this Table, whence the area of 
the whole segment may be found. 
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MENSURATION. 



MENSURATION OF SOLIDS. 



Problem I. 
To find the solidity of a cube. 

Rule. — Cube one of its sides for the content ; that is, 
multiply the side by itself, and that product by the side 
again. 

1. If the side of a cube be 24 inches, what is its solidity 
or content ? 

24 
24 




576 
24 



13824 Ans, 

2. How many solid yards are in a cube, the side of which 
is 22 feet ? 

22 X 22 X 22 -r- 27 = 394 solid yards 10 feet. Ans. 



Problem II. 
To find the solidity of a paralUlopi^edon, 

EuLE. — Multiply the length, breadth, and depth all con- 
tinually together, for the solidity. 

1. Eequired the content of the parallelopipedon, whose 
length A B is 6 feet, its breadth A C 2i feet, and altitude 
B D If feet ? 
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28 



1-75 
6 



BD 
AB 



10-50 
2-5 = A C 




6250 
2100 

26-250 Ans. 

2. Eequired the content of a parallelopipedon, the length 
of which is 10*5, breadth 4*2, and height 3*4. 

Ans. 149-94. 

3. How many cubic feet are in a block of marble, the 
length of which is 3 feet 2 inches, breadth 2 feet 8 inches, 
and depth 2 feet 6 inches ? Am, 21-y. 



Problem III. 

To find the solidity of any jprism or cylinder. 

BuLE. — ^Find the area of the base or end ; which multi- 
ply by the height or length ; and the product will be the 
content. 

To find the area of the surface of a prism or cylinder. 

Rule. — Multiply the circumference or perimeter of 
the base or end by the length or height, and the pro- 
duct will be the arena required. 

Note, — If the whole surface be required, the area of the two ends 
must be added to the area found by the rule. 

1. Eequired the content of a triangular prism, the length 
A C of which is 12 feet, and each side of its equilateral 
base 2^ feet. 
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By the Rule -4330 tab. p. 11 

6-25 = (2^)2 




2-706250 area of end 
12 length. 



32475 solid feet. 

2. What is the content of a hexagonal prism, the length 
being 8 feet, and each side of its end 1 foot 6 inches ? 

Ans, 46*766 cubic feet, 

3. Required the conteut of a cylinder, the length of 
which is 20 feet, and the circumference 5i feet. 

(5iy X 20 X -07958 = 48*146 cubic feet. 

4. What is the convex surface of a cylinder, the length 
of which is 16 feet, and its diameter 2 feet 3 inches p 



3141G X 2i X 16 =z IIS'0976 sq. feet. 



5. How many cubic feet of stone is there in a round 
pillar, the height of which is 16 feet, and diameter 2 J feet? 

(2i)2 X 16 X -7854 = 63*62 cubic feet. 

6. How many square yards of painting are there in the 
convex surface of a column, the length of which is 20 feet, 
and its diameter 2 feet ? 

2 X 3*1416 X 20 -r 9 = 13 square yards Sffeet nearly. 




PnoBLEM IV. 

To find the solidity of any cone or pyramid. 

Rule. — Find the area of the base, then multiply that 
area by the height, and take J of the product for the 
sohdity. 
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To find the convex surface of a right cone, or the slant 

surface of a right pyramid. 

KuLE. — Multiply the circumference or perimeter of 
the hase hy the slant height, or length of the side, and 
take half the product for the surface. 

1. What is the solidity of a cone, the height C D of 
which is 12i feet, and the diameter A B of the base 2^ 
feet? 

•7854 
6i 



4-7124 
19635 



4*90875 area of base 
12i height C D 



68-90500 
2-454375 




8)61-359375 
20-453125 Ans. 

2. What is the solid content of a pentagonal pyramid, 
its height being 12 feet, and each side of its base 2 
feet? 

1-7205 tab. area, p. 11 
4 square of side 



6-8820 

4 = I of height C O 




Ans, 27-o280 cubic feet, 

3. What is the content of a hexagonal pyramid, the 
height being 6*4 feet ; each side of its base 6 inches? 

Ans. 1'38 cubic feet. 

4. Required the weight of a hexagonal pyramid of mar- 

ble,each side of the base of which is 1 foot 3 inches, and the 

c 
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vertical height 10 feet, the weight of the marble being. 
170 lbs. per cubic foot. Ans, 1 ton cwt. 60 J Jhs, 

6. What is the convex surface of a cone, the slant height 
of which is 20, and the circumference of its base 9 feet ? 

20 X 9 ^ 2 = 180 -r- 2 = 90 square feet. 

6. If the diameter of the base A B be 5 feet, and the 
side of the cone A C 18, required the convex surface. 

31416 

5 diameter 



15*7080 circumference 
18 



125664 
15708 



2)282-744 
Arts, 141372 square feet. 



Problem V. 

To find the content of the frustum of a cone, or of any 

pyramid. 

Rule. — To the sum of the squares of the radii of the 
ends, if a cone, or of the sides of the ends, if a pyramid, add 
their product, and multiply the sum by 3*1416, if a cone, 
or by the tabular number of the polygon, if a pyramid, and 
again by \ of the height for the content. 

To find the convex surface of a frustum of a cone, or the 

slant surface of a pyramid. 

Rule. — Multiply the sum of the circumferences of the 
two ends by \ the slant height of the frustum for the 
required surface. 

Note. — When the whole surface is required, the areas of the two 
ends must be added to the result of the Rule. 
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of each trapezium and triangle in the field; add all the 
double areas together, and half their sum will be the content. 
1. Lay down a field and find its area from the following 
dimensions : 





to D 






520 




p 


288 


80 E 


ai2o 


206 
Go to F 







to G 






440 




D230 


152 
L. of C 


9 




to C 






550 




B 180 


410 


n 


m 


135 


130 G 


Begin 


at A 


range E. 




For the method of planning this field, see Baker's 

" Land and Engineering Surveying/' Weale's series, p. 21. 
130 440 120 Double areas. 

180 230 80 170500 trap. A B C G 

101200 tri. CDG 

104000 trap. D E F G 



310 
550 



13200 

880 



200 
520 



15500 
1550 

170500 



101200 104000 



2)3-75700 



1-87850 = la. Br. 20ip. 



To find the areas of irregular figures, whether hounded 

hy straight lines or curves. 
Case I. — "When the figure is long and narrow. 
Rule I. — Find the areas of all the trapezoids and tri- 
angles separately, and add them together for the area. 
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3. How many solid feet are in a piece of timber, whose 
ends are squares, the sides of which are 15 and 6 inches, 
and the length 24 feet ? Am, 19^ cubic feet, 

4. The sides of the ends of the frustum of a square 
pyramid are 6 and 4 feet, and its slant length 20 feet, re- 
quired its slant surface. 

-_> 1 fi f penm. of ends 



4x4 



40 sum 

10 = i length 



9)400 



44^ square yards. 

Note, — The slant length is measured from the middle of one side 
to that of its corresponding side. 

5. The slant height of a tower, in the form of a hexago- 
nal pyramid, is 74 feet, each side of the base 7\, each side 
of the top 2\ feet; required the area of the sides, and the 
expense of painting it at 1^. ^d, per square yard. 

Ans, 2220 square feet, and £16 8*. 4^. 



Problem VI. 
To find the solidity of a wedge. 

Rule. — To the length of the edge add twice the length 
of the back or base, and reserve the sum; multiply the 
height of the wedge by the breadth of the base ; then mul- 
tiply the product by the reserved sum, and take \ of the 
last product for the content. 

1. What is the content in feet of a wedge, the altitude 
A P of which is 14 inches, its edge A B 21 inches, and the 
• length of the base D E 32 inches, and its breadth C D 4^ 
inches ? 
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21 


14 




32 
32 


4J 
56 




85 


7 






63 

85 


C 



29 



315 
504 




6 
(12 

1728 ] 12 
(12 



5355 
892 5 Ans, in cubic inches 
74-375 
6197916 
•516493 Ans. in cubic feet, or little more 
• than half a cubic foot, 

2. The edge and base of a wedge are respectively 9 feet 
and 5 feet 4 inches in length, the base is 2 feet 8 inches in 
breadth, and the height. 3i feet ; required the content of 
the wedge. Am. 305926 cubic feet. 



Pboblbm YII. 
To find the solidity of a prismoid. 

Definition, — The ends of a prismoid are parallel and dis- 
similar rectangles or trapezoids ; the solid is, therefore, the 
frustum of a wedge, the part of the wedge next the edge 
being cut off. 

BuLE. — Add into one sum the areas of the two ends, and 

4 times the middle section parallel to them, and -^ of that 

sum will be a mean area; which being multiplied by the 

height, will give the content. 

Note. — For the length of the middle section, take half the sum of 
the leng:ihs of the two ends ; and for its hreadth, take half the 
sum of the breadths of the two ends. 
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1. How many cubic feet are there in a stone, the ends of 
which are rectangles, the length and breadth of the one 
being 14 and 12 inches, and the corresponding sides of the 
other 6 and 4 inches ; the perpendicular height being 30i 
feet? 




14 

12 

168 



10 

8 

80 

4 



6 

4 

24 



320 

168 

24 

6)512 



85 1 mean area in inches 
30| height 



2560 
42f 



144 



{ 



12 
12 



2602-6 
216-8 
18 074 Ans. 



2. What is the content of a railway coal waggon, of 
which the length and breadth at top are 81 i and 56 inches, 
at bottom the length and breadth are 41 and 29^ inches, 
and the height 47 J inches? Ans, 73^ cubic/eel. 



Problem VIII. 

Tojmd the aolidity of a sjphere or globe. 
HuLE. — Multiply the cube of the diameter by 'SSSe. 
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1. The diameter of a sphere is 12 feet; 
required its solidity. 

12^ X -5236 = 9047808 cubic feet. 

2. Find the content and weight of an ivory ball 3i 
inches in diameter, the weight of ivory being 1820 ounces 
(Av.) per cubic foot. 

Ans. Content 22*449 cub, in,, and weight 23*644 oz. 



Problem IX. 
To find the solidity of a spherical segment. 

Rule. — To three times the square of the radius of the 
base, add the square of the height ; multiply the sum by the 
height, and the product again by '6236. 

1. Required the content of a spherical segment, its height 
being 4 inches, and the radius of its base 8. 

8 4 -5236 C 

8 4 832 



64 


16 


3 


192 


192 


208 




4 




832 



10472 
15708 

41888 



435 6352 ^;t«. 




2. What is the solidity of the segment of a sphere, the 
height of which is 9, and the diameter of its base 20 feet ? 

Ans, 1795-4244 cubic feet. 



Problem X. 
To find the solidity of a spherical zone or frustum. 
Rule. — Add together the squares of the radii of the 
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ends, and J of the square of their distance or height ; mul- 
tiply the sum by the said height, and the product again 
by 1-6708. 

1. What is the solid content of a zone, its greater dia- 
meter being 12 inches, the less 8, and the height 10 
inches P 

..-' T' ■^'-. 6^ =z 36 

/- T"'^^ 4^ = 16 

jF^Zp^ i X 10^ = 33i 



'^. -_!-•'' 



85J 
85| X 10 X 1-5708 = 1340-416 eulic in,, 
the content required. 



2. Eequired the content of a zone ; the great diameter is 
12, less diameter 10, and height 2 feet. 

Arts, 195'8264 cubic feet. 

3. A cask is in the form of the middle zone of a sphere, 
its top and bottom diameters being 5 feet 8 inches, and its 
height 5 feet, inside measure; how many gallons will it 
contain? Ana, W^2>\ gallons. 



Peoblem XI. 

To find the convex suiface of a sphere, also of a segment 
and zone thereof 

For the sphere. 

EuLE. — Multiply the square of the diameter by 3*1416. 

For the segment or zone. 

EuLE. — Multiply the circumference of the whole sphere 
by the height of the segment or zone. 

1. Eequired the convex surface of a sphere, the diameter 
of which is 2 feet. 

2^ X 3-1416 z= 12-5664 square feet, Ans. 
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2. The circumference of a spherical stone is 4 feet; 
required its convex surface. 

42 -T- 3-1416 = 50929 square feet, 

3. Tlie axis of a sphere being 42 inches, what is the convex 
superficies of the segment, whose height is 9 inches ? 

42 X 9 X 3- 1416 = 11875248 square inches, 

4. Eequired the convex surface of a spherical zone, the 
height of which is 2 feet, and cut from a sphere of 12i 
feet diameter. 

12i X 2 X 31416 = 7854 square feeL 



Problem XII. 

To find the solidity of a spheroid. 

EuLE. — Square the revolving axis ; multiply that square 
by the fixed axis, and again by '5236 for the solidity. 

Note, — In the prolate spheroid, the revolving axis is the conju- 
gate ; but, in the oblate, the revolving axis is the transverse. 

1. Required the solidity of a prolate spheroid, the axes 
being 50 and 30 inches. 

30 -5236 

30 45000 



900 26180000 

50 20944 




45000 23562-0000 Ans, cuh. in. 

2. Eequired the content of an oblate spheroid, whose 
axes are 50 and 30 inches. 

Jns. 22-7257 cubic feel. 

c3 
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Pboblbm XIII. 
General rule for finding the contents of solids. 

The wedge, the prismoid; the cone, aU pyramids, and 
their frustums ; the whole or a segment, or any portion of 
the whole, contained between two parallel planes perpendi- 
cular to the axis of a sphere, of an ellipsoid, of a paraboloid, 
of a hyperboloid, may be found by the following general 
formula. 

Let A and B be the areas of the ends of the solid, C the 
area of the section parallel to and equidistant from the ends, 
and L the perpendicular distance between the ends ; then 

A + B + 40 
The solidity = g X L. 

The investigation of this very general Eule was given by 
B. Gompertz, Esq., F.R.S., &c., in the " Gentleman's 
Mathematical Companion'* for 1822; see also Baker's 
'^ Mensuration,'' p. 135, where the investigation is also 
given. 



DIVISION n. 
LAND SURVEYING. 



The Chain, usually called Gunter's Chain, is almost 
generally used in the British dominions for measuring the 
distances required in a survey. It is 66 feet, or 4 poles, in 
length, and is divided into 100 links, which are joined by 
rings. The length of each link, together with half the 
rings connecting it with the adjoining Unks, is, conse- 
quently, tVs- of a foot, or ^■7^7^=7*92 inches. 

The off-set Staff is used to measure short distances, 
called off-sets. It is usually 10 links in length, the links 
being numbered thereon by the figs. 1, 2, 3, &c. It is 
usually pointed with iron at one end, for the purpose of 
fixing it in the ground, for ranging lines and marking 
stations. 

The Ceoss is an instrument used by surveyors to erect 
perpendiculars. It is usually a round piece of sycamore, or 
mahogany, about 4 inches in diameter, with two folding 
sights at right angles to each other, or more commonly 
with two fine grooves at right angles to each other, which 
answer the purpose of sights. It is commonly fixed on a 
staff of convenient length for use, pointed with iron at the 
bottom, that it may be fixed firmly in the ground. 

For further directions for Measuring Lines on the 
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Ground, the descriptions of Instruments for planning Sur- 
veys, and the Method of keeping the Field-book, see Baker's 
'^ Land and Engineering Surveying,^' Weale's seriesr 



liinkg, 
25 

100 

1,000 

8,000 



A TABLE OF LINEAR MEASURE. 



Feet. 


Yards. 


Poles. 






16^ 


54 


1 


Chains. 




66 


22 


4 


1 


Furlongs. 


660 


220 


40 


10 


1 


5,280 


1,760 


820 


80 


8 



Mile. 
1 





A TABLE OF SQTJABE MEASUEE. 




Sq. Liiiks. 
626 

10,000 

25,000 


Sq. Feet. 
2721 

4,356 

10,890 


Sq. Yards. 
301 

484 

1,210 


Sq. Poles 
orPerches. 
1 

16 

40 


Sq.Chs. 

1 


Bods. 

1 




100,000 


43,560 


4,840 


160 


10 


4 


^res. 


64,000,000 


27,878,400 


3,097,600 


102,400 


6,400 


2,560 


64ll 




Triangular Fields, 

1. Let ABC be a triangle, of which the survey, pla 
and content are required. 

Set up poles or marks at the angles A, B, and C, and 
Q measure from A towards 

B, and when at or near D, 
try with the cross for the 
place of the perpendicular 
C D ; plant the cross, and 
turn it till the marks A 
and B can be seen 
through one of the grooves ; then look through the 
other groove, and, if the mark at C can be seen through it. 
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the cross is in the right place for the perpendicular ; if not, 
move the cross backward or forward till the three marks 
can be seen as before directed. Suppose the distance 
A D to be 625 links, and the whole A B, to be 1257- 
links; return to J), and measure the perpendicular DC, 
which suppose to be 628 links, thus completing the survey 
of the triangle. 

1. The dimensions being the same as those given above, 
required the area of the triangle. 

1257 X 628 -r- 2 = 3'94698 acres = 3a. 3r. Slip. Ans. 

2. The base of a triangle is 954 links, and the perpen- 
dicular 246 ; required the area of the triangle. 

954 X 246 -r- 2 = 117342 = la. Or. 27\p. Ans. 



Fields in the form of trapeziums. 

Fields in this form are usually divided into two triangles 
by' a diagonal, which is a base to both triangles. 

Let A B C D be a field of this form. Measure from A 
towards C, and let the place of the perpendicular 7;^ B be at 
5'52 links, and its length 3*76 ; also let the place of the 
perpendicular « D be at 11*82, and its length 3'44, and the 
length of the whole diagonal AC be 13*91, which com- 
pletes the survey; but it is also usual to measure the 
other diagonal B D for a proof line, which is found to be 
9-56. 

Note. The mle for finding the area is the same as that given in 
Prob. IV. p. 10. 

1. Left the measurement of a trapezium be as above found ; 
required the content. 



HBNSintATIOK. 



D 

7k 






344 

376 

720 
1391 

27820 
9737 

2)1001520 

600760 

4 

003040 
40 



Am. 6a. Or. Ip. 121600 

2. From the following Notes to Plan find the content of 
a field. 



Perpendiculars 
on left. 


Base or 
Station Line. 


Perpendiculars 
on right. 


B1278 
Begin 


to© C 

3250 
2504 

1272 
at A 


1046 D 
and range West. 



Content. 37a. 3r. 2p. 



To survey fields contained hy more than four sides. 

Fields, or plots of ground, bounded by more than four 
sides, may be surveyed by dividing them into trapeziums 
and triangles. 

lb find ike content. 

Bulb, — By the prec^ling Problems, find the double areas 
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of each trapezium and triangle in the field; add all the 
double areas together^ and half their sum will be the content. 
1. Lay down a field and find its area from the following 
dimensions : 





to D 




520 


p 


288 


a 120 


206 




Go to O F 




to o a 




440 


D230 


152 




L. of C 




to C 




550 


B 180 


410 


m 


135 


Begin 


at A 



80 E 






tt 



n 

130 G 
range E. 



For the method of planning this field, see Baker's 
Land and Engineering Surveying/' Weale's series, p. 21. 



130 
180 

310 
650 



440 
230 

13200 

880 



120 
80 

200 
520 



15500 
1550 



101200 104000 



Double areas. 

170500 trap. A B C G 
101200 trL C D G 
104000 trap. D E F G 

2)375700 



1 87850 = la. 3r. 2(%. 



To find the areas of irregular figures, whether hounded 

hy straight lines or curves. 
Case I. — "When the figure is long and narrow. 
EuLE I. — Find the areas of all the trapezoids and tri- 
angles separately, and add them together for the 
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Rule II. — ^Add all the breadths, and divide the sum bj 
the whole number of them for the mean breadth, which 
multiply by the length for the area. This method is not 
very correct, but may do where great accuracy is not re- 
quired. 

Rule III. — ^Take the perpendicular breadth, at several 
places, at equal distances ; to half the sum of the first and 
last breadths add all the intermediate, and multiply the result 
by the common distance between the breadths for the area. 

1. The breadths or oflFsets of an irregular figure, at five 
equidistant places, are AD = 8*2, m jo=7'4, % 5'=9'2, o r 
= 10*2, BC=8*6 feet, and the common distance A»!J= 
mn = &c. = 60 feet ; required the area. 

By Rule III. 82 

8-6 



D 



2)16-8 = sum 




8-4 

7-4 

9-2 

10-2 



^ sum 



35-2 
50 




Ans, 1760-0 square feet, 

2. Take the dimensions and 
find the area of the annexed 
irregular figure, by Rules I. 
and II. 

Case II. — ^When the breadth of the figure is large, and 
its boundary curved or crooked. 

Rule. — ^Divide the figure into trapeziums and triangles, 
in the most convenient manner, taking offsets to the curved 
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or crooked portion of the boundary. Find the areas of the 
trapeziums, triangles, and the offset pieces separately, which 
being added together, will give the required area of the 
whole figure. 

The annexed figure is 
divided into two trape- 
ziums, A B F G, B C EF, 
and one triangle, C D E, 
with offsets on A B, 
AG, CD, and DE. 
It is required to mea- 
sure the several parts of the figure, and to find its area. 

The areas of the trapeziums are found by letting fall 
perpendiculars on the diagonals A F, B E, by Problem IV., 
and the area of the triangle by Problem II., the areas of 
the several offset pieces being found by one or other of the 
preceding rules. 

For further information concerning extensive surveys of 
parishes, manors, large estates, &c., &c., the reader is re- 
ferred to Baker's ''Land and Engineering Surveying,'* 
in the series, in which is given an engraved field-book 
and its accompanying plan, and in which is also given 
numerous specimens of mrveys for railways, both by the 
chain only, and with the help of the theodolite. This part 
of the work concludes with extensive directions for dividing 
land and commons of variable value among their several 
claimants in proportion to the value of their claims. 



DIVISION III. 

ENGINEERING SURVEYING. 



LEVELLING. 

By the art of levelling, the inequalities of the upper 
bouudary of any section of the earth's surface may be shown, 
and thence may be determined the several heights of any 
number of points in that bouudary above or below an 
assumed line, called a level line; though this line, in 
reality, is a great circle of the earth, and is such as would 
be derived from a section of the surface of still water. 

Levelung Instbuments. 

1. Levelling instruments all depend on the action of 
gravity; of these the plumb-line, on which the mason's 
level depends, is the most simple, but it cannot be used in 
extensive operations, on account of its practical incon- 
venience. The fluid, or watet level, in all its modifications, 
is also found inconvenient for extensive practice. 

2. Spirit levels are now commonly used, as the most 
accurate instruments for finding the differences of level, or 
vertical distances between two stations. 

The Y level, Troughton's level, and Gravatfs level, whicn 
is also called the Bumpy, are the most commonly used, 
especially the last named one. Descriptions of these in- 
struments, and the methods of adjusting them, are given 
in Baker's "Land and Engineering Surveying," in the 
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series, in which is also given a description of Gravatf^ 
levelling staves, which are now most commonly used. 

Principles and Practice of Levelling. 

To find the difference of the levels of several points 
on the surface of the earth. 

1. Let it be required to find the difference of level be- 
tween the points A and G. A levelling staff is erected at A, 
the instrument is set up and adjusted at B, another staff is 
also erected at C, at the same distance from B that B is 
from A, as nearly as can be judged by the eye ; the reading 
of the two staves are then noted ; the horizontal lines, con- 
necting the staves with the instrument, represent the visual 
ray or level line of sight ; the instrument is then conveyed 
to D, and the staff tha stood at A is now removed to E, 
the staff C retaining its former position, only its graduated 
side turned to the instrument, and from being the fore 
staff at the last observation, it is now the back staff; the 
reading of the two staves are again noted, and the instru- 




ment removed to F, and the staff C to the point G, the 
staff at E retaining its position, now in its turn becomes 
the back staff, and so on to the end of the work, which 
may thus be continued to any extent. The difference 
of the readings of the staves at A and G will show the 
difference of level between the points or stations A and C, 
because the visual line of the instrument is virtually level, 
and the same is true with respect to every two consecutive 
stations. 



44 ENGINEERING SURVEYING. 

EXAMPLE. 

Back sight on staff A 10*66 feet 

Fore sight on staff C 11-78 „ 

The fall from A to C 1-12 difference. 

Because when the front reading is the greater, the ground 

falls, an^ vice versa. 

Back sight on staff C 13-36 feet 

Fore sight on staff E 9*16 „ 

The rise from C to E 4*20 difference. 

Subtract the fall from A to C 1*12 

The rise from A. to E 3*08 difference. 

By proceeding in this manner through two more similar 
operations, we shall find the total rise from A to G to be 
2'64 feet, or nearly 2 feet 6^ inches. 

The difference of the sums of the back and fore reading 
of the staves will more readily give the difference of level 
between A and G ; thus : — 

Back Sights. Fore Sights. 

feet feet 

10-66 at A 11-78 at C 

13-36 at C 916 at E 

7-62 at E 8-16 at G 

sums 31-64 2910 

2910 

2-54 difference of level. 



To draw a sectional line of several points on the earth* » 
surface, the levels of which have been taken-. 

Let a b c d e f and g be the several points ; then, in 
order to draw the section to show the undulations of thci 
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ground between a and^, the distances of the several points 
from ay in addition to their levels, must be taken ; this is 
usually done during the operation of levelling. These 
distances with the back and fore sights, may be arranged in 
a level book of the following form, which, though not the 
form practically used, wiU probably be more clearly under- 
stood. (See fig. page 47). 



LEVEL BOOK. 



Back 

Sights. 



3-50 
4-10 
5-04 
8-84 
4-12 
10-49 
12-96 



44-05 



di£f. 



Fore 
Sights. 



5-65 
10-85 
9-25 
12-91 
7-65 
3-92 
3 03 



53-26 
44-05 



9-21 



Fall. 



2-15 
6-75 
4-21 
9-07 
3-53 



Rise. 



6-67 
9-93 



Reduced 
Levels. 



2-15 
8-90 
13-11 
22-18 
25-71 
19-14 
9-21 



Distances in Chains, 
and Remarks. 



4-60 at & on road. 

7-80 ate. 
11-60 at d. 
15-20 ate. 

bottom of canal, distance 2*16 
21-00 at/. 
27-00 at flr. 



the same as the last of the reduced levels. 



In this level book it will be seen that the differences 2*15 
and 6*75, in the column marked Fall, are added together 
making 8*90 thus giving the faU at c, in the column marked 
Reduced Levels : to this sum the succeeding falls are added, 
one by one, till we get the fall 25*71 at the bottom of the 
canal, which is the lowest point. Then the differences in 
the column marked Rise are subtracted successively from 
25'71 for the falls at/ and^; the latter of which is 9'21, 
the total fall from a to y, which, agreeing with the difference 
of the sums of the back and fore sights, shows the truth of 
the castings. The last column shows the distances of the 
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several points, 3, c, &c., from a, in chains, with other 
remarks. 

DATUM LINE. 

The section might be plotted by laying off the distances 
in the last column in the preceding level book on a hori- 
zontal line, and setting off their corresponding numbers of 
feet, in the column marked lleduced Levels, perpendicularly 
below the line ; but it is found inconvenient in practice to 
plot a section in all cases after this method, as in extensive 
operations the reduced levels would repeatedly fall above 
and below the line in question, and thus confuse the oper- 
ation ; therefore a line A G, called the " datum line," is 
assumed at 100, 200 feet, &c., below the first station a; 
thus making that line always below the sectional line a f, 
of which a clearer view may be obtained. 

In the following practical level book the rise and fall are 
respectively added to or subtracted from the assumed dis- 
tance of the datum line, and the next rise or fall again 
added to or subtracted from the sum or difference : — thus, 
2* 16, being a fall, is subtracted from 100 (the assumed 
distance of the datum line), leaving 97*85 feet, the height 
of the ground at b; the next fall : 6 '75, is then subtracted 
from 97*85, leaving 91*10 feet for the height at c; and so 
on to 3*63, which is the last fall; the next, 6*57, being a 
rise, is added, as well as 9*93. Thus the last reduced level 
is 90*79 feet, which taken from the datum, 100, leaves 
9*21 feet, agreeing with the differences of the sums of the 
back and fore sights, and of the sums of the rises and falls, 
and showing the work of casting to be correct. Thus are 
obtained a series of vertical heights, to be set off perpen- 
dicularly to the datum line, through the upper extremities 
of which the sectional line must be drawn. 



PKACTICAL LEV£L BOOK. 

(Dntnm line 100 feet beloir the bench mark at a.) 



5fi 


aJgba. 


... 


Pall. 


Seduced 
Lovel* 


DlttaiKiH. 


.^ 


tttt. 


IWt. 


feet. 


feat 


t«t 


chalni. 




3 

4 


BO 
10 


6 66 
10-85 




2-15 
8-75 


100-00 D 
97-86 
Bt-10 


4-80 
7-80 


j lime kiliu. 


ft 


>4 


9 25 




4-21 


88-89 






« 


H4 


12-91 






77-32 


16-20 


(BottomDfunal, 
















} distant 2 '80 






S'92 


6 -57 






21-00 


( chains. 


use 


3-fi3 


9-93 




■90-78 
100-00 


27-00 


toBUftto. 


4405 


53-26 


18-60 


25-71 




44-05 




18-60 




) diff. b«t 

) l«<el 


v«D lut redDced 

and dntom. 






8-21 diff. = 


9-21 = 9-21 



In laj^ing down the sectional line from the above columns 
reduced levels and distances, the former are always taken 
)m a much Inrger scale than the latter, otherwise the 
idulations on the surface of the ground would in many 
ses be hardly perceptible. 
Draw the horizontal line A G, setting off the distances 



B, AC, fcc, as in the column of distances, thatia AB= 
JO chains, A C = 7*80, &W., then draw A a = 100 
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feet ; perpendicular to A G and parallel to ka draw B b, 
C c, &c., setting off their heights 97*85, 91-10, &c., 
respectively; from the column of reduced levels, and 
through the points a, 6, c, &c., draw the required sectiouai 
line a g. 

LEVELS FOR THE FOEMATION OP A SECTION. 

In this case it is required to tate the levels of a line of 
country, where the ground plan is already made, and the 
line of sectign determined upon and marked out on the 
plan. Here, in addition to what is required in running or 
check levels, the distances to the several stations of the 
levelling staves from the starting point must be measured. 

Two additional assistants are required in this case to 
measure the distances of the stave stations along the lines, 
while the operation of levelling goes on, which is the same 
in every respect as that already described, excepting that, 
in this case, the operation is conducted upon a line, on the 
surface plan, a copy of which must be in the surveyor's 
possession to direct him, and the distances of the several 
stave stations must be noted in the level book, in the 
column marked *' Distances.'^ 

The following is the level book of an example, showing 
the manner of keeping it, and also the method of reducing 
the levels, to obtain the actual heights of each station above 
the datum line, which is placed 100 feet below the starting 
point, for convenience of drawing the section. The whole 
operation being similar to that already given at page 47, 
excepting that here we give the particular manner of per- 
forming the several parts of the field work, in order that it 
may b6 clearly understood by those who are unacquainted 
with the subject, as it is presumed that, in a short time, 
railways will become the common means of transit, both for 
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for passengers and goods, throughout every country of the 
civilised world. 



a^u 


sf^S. 


Itise, 


r.u. 


Lunula. 


D.U.... 


lUim^ka. 


foot. 


t«t 


tut. 


f«t. 


looVo D 


11^, 




18-71 


7-88 


6-83 




105 -aa 


519 


B. M. Bida of rosd. 


e-10 


16-30 




6-90 


BS-B3 


1315 




8-87 


11-71 




7-84 


91-09 


1542 




2-63 


12-41 




9-78 


81-31 


IS50 




14-82 


0-B5 


13-67 




94-98 


2358 




17-00 


1-45 


15-65 




110-63 


2698 




10-66 


16-40 




4-74 


JOS-79 


8357 




2-87 


17-00 




14-13 


91-66 


3758 




3*0 


10-32 




6 '92 


84-74 


3076 




6-73 


2-24 


3-49 




88-23 


W77 




16 -Si 


0-86 


15-69 




103-92 


«»04 




10 08 


0-89 


1E19 




119-11 


ein 




14-68 


0-73 


13-83 




132-94 


6437 




10-36 


I4-06 




3-70 


129-24 


7467 




9-84 




8-48 




137-72 


8369 




9-80 


7-00 


2 80 




140-52 


9303 




2-30 


1006 




8-66 


131-86 




Centra of i™d at 


10-S6 


14-46 




3 -SO 


123-36 


9679 


[215 Imke. 


2-08 


lB-06 




12-87 


116-39 


9936 




1-76 


18-58 




14-83 


100-66 


10164 




1-84 


17-10 




16-26 


66-30 


10676 




0-00 


7-43 






77-87 


11423 


Forward O at cor- 


6-38 


3-50 


1-88 




79-75 


13066 


[uerofwood. 


8 50 


4-50 


4-00 




83-75 


14964 




6-30 


1-36 


3-94 




87-69 


15660 




10-29 


9-40 


0-80 




88-4B 


17346 




6-86 


0-40 


B-40 




94-HB 


19135 




11-00 




7-04 




101 -D9 


19359 




11-80 


S-53 


8-27 




110-26 


19B31 




10-53 


2-68 


7-86 




11811 


19841 


Forward Q " end 


8-82 


1-98 


6-84 




124-95 


205U1 


[of wood. 


8-76 


2-20 


e-58 




131-51 


21671 




14 -OO 


14-50 




0-BO 






Ito^ at, 460 links. 


14-SO 




10-18 




141-lfl 


22710 




914 


100 






149-33 


23221 


















804-1 B 


261-SO 


166-49 


117-16 


100 -00 






251-86 




11716 




















Difference between Datum 


40-33 


_ 


4B'33 


_. 


49-33 


and lFiBtR«dnoed Level, or 
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The several differences of the sums of the back and fore 
sights, of the sums of the rises and falls, and of the last 
reduced level and the datum, exactly agreeing, proves the 
accuracy of the arithmetical operation in the preceding level 
book, all these differences being 49*33 feet, which is the 
height of the last station above the first. 

It is advisable for the surveyor to reduce the levels in 
the field as he proceeds, as it will occupy very little time, 
and can be easily done while the staffman is taking a new 
position. The surveyor will thus be enabled to detect with 
the eye if he is committing any glaring error; for instance, 
inserting a number in the column of rises, when it ought 
to be in that of falls, the surface, of the ground at once 
reminding him that he is going downward instead of 
ascending. 

It is seldom the case in practice that the instrument can 
be placed precisely equi-distant from the back and fore 
staves, on account of the inequalities of the ground, ponds, 
&c. ; it would appear, therefore, to be necessary, to make 
our results perfectly correct, to apply to each observation the 
correction for curvature and refraction, as explained at 
page 131 in Baker's '^Land and Engineering Surveying: *' 
this, we believe, is seldom done unless in particular cases^ 
where the utmost possible accuracy is required, on account 
of the smallness of such correction, as may be seen by refer- 
ring to the table at the end of the book just referred to, where 
this correction for 11 chains is shown to be no more than 
1-^0 part of a foot; and as the difference in the distances 
between the instrument and the fore and back staves can in 
no case equal that sum, it is evident that such correction 
may be safely disregarded in practice. Besides, it is not 
necessary to have the level placed directly between the 
staves while making observations, as it is frequently incon- 
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venient to do so for reasons just given, nor does a deviation 
from a line of the staves, in this respect, in the least 
affect the accuracy of the result. 

The distances in the sixth column of the level book are 
assumed to be horizontal distances, and in measuring them, 
care should be taken that they are as nearly such as pos- 
sible, or they must be afterwards reduced thereto, otherwise 
the section will be longer than it ought to be. For the 
purpose of assisting the surveyor in making the necessary 
reduction from the hypothenusal to the horizontal measure, 
when laying down the section, a table is given in Baker's 
'^ Land and Engineering Surveying," page 147, showing 
the reduction to be made on each chain's length for the 
several quantities of rise, as shown by the reading of the 
staves. 



Note, — For extensive information on this subject, see Baker's 
** Land and Engineering Surveying," where an engraved plan 
and section, adapted to this example, are given at the end of the 
work. 
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DIVISION IV. 



ON LAYING OUT A RAILWAY.— CURVES. 



EAILWAT CUEVES. 

The natural uuevenness of the earth^s surface renders the 
use of curves in railways absolutely necessary, in order that 
the nearest practicable level may be secured, by avoiding 
mountains, crags, and other minor elevations, by winding 
round their bases by means of curves ; which are also 
equally required to avoid various other natural and artificial 
obstructions, as rivers, lakes, sea-coasts, swamps, &c. : also 
towns, parks, pleasure-grounds, &c. Thus a great saving 
is effected in the cost of construction, and in the severance 
of valuable property, which would be otherwise required. 
Besides, winding railways are frequently required, in order 
that they may embrace in their routes important towns, 
harbours, mineral districts, &c., or make junctions with 
other railways. 

In railway practice the curve adopted is always an arc of 
a circle; and sometimes two, three, or more consecutive 
arcs of circles of different radii, having a common tangent 
or tangents at their point or points of junction, as in the 
compoMud curve. T^requently the railway curve is composed 
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of two or more circular arcs, having their convexities turned 
in different directions, with a common tangent or tangents 
at their point or points of junction ; a curve thus composed 
is called the serpentine or S ciirve. The straight portions 
of the railway are always first laid out, and are, in all cases, 
tangents to the curves at their termini. 

It has been found in practice that at least four different 
methods of laying out railway curves on the ground are 
requisite, on account of obstructions on the ground, such 
as buildings, cliffs, woods, rivers, &c., situated either on the 
convex or concave side of the curve, or on both sides, or on 
the curve itself; also on account of pits, bogs, swamps, &c., 
which either wholly or partly prevent the use of the sur- 
veying chain. 

Railway curve-rulers are a series of arcs of circles of 
various radii, usually from 3 to 60 inches, and are used for 
projecting railway curves on parliamentary maps, &c. ; and 
to determine the radii of curves already projected. The 
radius of each curve-ruler is marked upon it in inches; 
and, when a curve-ruler is applied to a railway map, the 
scale of which is 5 chains to an inch, the radius .must be 
multiplied by 5 to obtain the true radius of the curve : 
thus, if the radius of the curve-ruler be 16 inches, then 
16x5 = 80 chains = one mile, which is the radius of the 
curve ; and so on for maps of other scales. 

The limit of the radii of railway curves, — ^By the 
Standing Orders of Parliament, a minimum limit of one 
mile, or 80 chains, was formerly assigned to the radii of 
railway curves ; because, in curves of less radii, a railway- 
train of great velocity has a tendency to run off the line on 
the convex side of the curve. This limitation is now very 
frequently dispensed with, by giving a proper supereleva- 
tion to the exterior rail of the curve to counterbalance the 
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centrifugal force. (See formula for this purpose at the 
end of this article.) 

The following propositions relating to the oircle are 

derived from geometry, 
and wiU be found use- 
ful in their application 
to railway curves. 

1 . A tangent to a circle 
is perpendicular to the 
radius drawn to the tan- 
gent point. Thus the 
tangent A C is perpen- 
dicular to the radius A M . 

2. Two tangents drawn 
to a circle from any point 

are equal, and if a chord be drawn between the two 
tangents^ points, the angles formed by the tangents 
with the chord are equal. Thus A C=B C, and the 
angle B A C = ABC. 

3. An acute angle between a tangent and a chord is 
equal to half the central angle subtended by the same 
chord. Thus C A B = J AM B or A M C. 

4. An acute angle having its vertex in the circum- 
ference of a circle, and subtended by a chord, is equal 
to half the central angle subtended by the same chord. 
ThusDAE = JDME. 

5. Equal chords subtend equal angles at the centre 
of a circle, and also at the circumference, if the angles 
are contained in similar segments. The chords A D, 
D E, E F, and F B being equal, the angles AMD, 
D M E, E M F, and F M B are equal. 

6. The angle K C B is called the angle of intersection 
of the tangents, and is equal to the central angle A M B 
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subtended by the chord A B, which joins the tangent 
points A and B. 

Pi'ob, 1. — The positions of two straight or tangential 
portions of a railway, G A and H B, being given^ to 
determine the radius of the curve that joins them. See 
figure, p. 54. 

This problem seems to admit of an indefinite number 
of solutions, but when local obstructions, such as rivers, 
roads, hills, buildings, &c., are considered, it is often 
limited to one solution. Besides, by the Standing 
Orders of Parliament, it is required that ^^ a memoran- 
dum of the radius of every curve not exceeding one 
mile in length shall be noted on the parliamentary 
plan in furlongs and chains ; '^ and even in the case of 
curves having radii of one mile and upwards, no engi- 
neer in laying out a railway is justified, under any 
circumstances, in passing beyond the limits of deviation. 

Concise Trigonometiiical Foiimul;e. 

Let A B C be a right triangle. If the angles be denoted by 
A, B, and C, and the sides by a, 6, and c, as in the figure, we 
shall have these six formulae : — 



1 • A " 

1. sin. A=- 

c 

A ^ 

2. cos. A=- 

c 

n h 

3. tan.A=-£ 6. cot. A=- 

a 



4. cosec. A=- 

a 

5. sec. A=T 








Given 


Sought. 


7 


a, c 


A, B, I 


8 


a, h 


A,B,c 


9 


A, a 


B, &, c 


10 


A, h 


B, a, c 


11 


A, c 


B, a, h 



Solution of Eight Triangles. 

Fonnulse. 

sin. A = -, COS. B =- , J = A/(c-f-a).(c— a), or V c^H^ 
tan. A= r> cot. B= t, c= -/oM^' 

o 



B=90°— A, J=acot.A,c = - 



a 



sin. A 
h 



B=90^--A,tf=&tan.A,c= 

COS. A 

B=90® — A, a=^c sin. A, 6=c cos. A 
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which are limited by the Standing Orders of Parlia- 
ment to 100 yards on each side of the centre line as 
shown on the parliamentary plan. 

Solution, — Let G A and H B be produced until they 
meet in C. Extend G A to K. Measure the angle 
K C B, which is equal to the central angle A M B, 
subtended by the curve ; half this angle is equal to the 
angle A M C, which, subtracted from 90®, giyes the 
angle ACM. The point A being the tangent point 
from which the curve is proposed to commence, mea- 
sure the line A C. We have then given all the angles 
of the triangle ACM, and the side A C, by which the 
radius A M can be readily found by No. 6 formula, 

AM R 

p. 55. By this formula = cot. AM C,or — = cot. 

^ ^ AC T 

A M C ; therefore Ead. or Il = T cot. A M C. 

Example,--'Q\vQn A M =22° 30', andT = 950, to find R, 
or radius. , 

T=950 log. 2-977724 
A M 0=22° 30' cot. 0-382776 



E=2293-5 



3-360500 



Solution of Oblique Triangles. 




12 

13 
14 



Given. 


Sought. 


A, B, a 


h 


A, a, I 


B 


a, 6, C 


A— B 



a sin. B 

sin. A 
h sin. A 



FonnulsB. 



sin.B = 



a 



tan. i (A-B) =(^i=^I*??fi (^±1) 
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Method of laying out a curve by tangential angles, — 
The method generally adopted at present for laying out 
curves on the ground is by means of tangential angles, 
or, as they are sometimes called, deflection angles. 

Prob, 2. — Given the radius A M = E, to find the 
tangential angle CAD for a chord of one chain. See 
figure, p. 54. 

Solution. — Draw M L perpendicular to B F. Then 
the angle B M L = J B M Y = i A M D = C A D, the 
tangential angle, and B L = |BF = 50 links. But in 
the right triangle M B L we have (formula 1, p. 55) 

B L 



sin. BM L = 



B M* 



.*. Bin. C A D = -T^-. 



Example,— Given R 40-00 to find CAD. 

50 log. 1-698970 
40-00 " 3-602060 



C AD=42'58" 8-096910 

Second method of ascertaining the tangential angle, — 
Divide the constant 1718*9 by the radius in chains, 
which will give the angle in minutes. 

In the present case the radius is 40 chains. Then 

?^^^ = 42-972 minutes, or 42' 6S\ 
40 

Having ascertained the tangential angle, fix the 

theodolite at the tangent point A, and lay off* the 

tangential angle CAD, the chain being extended from 

the tangent point A to D, in the same range as the 

visual axis of the telescope ; the theodolite being still 

fixed at A, lay off^ the angle D A E = C A D, the chain 

being now extended from D, to meet the visual axis of 

the telescope at E, and so on to the end of the curve. 

1)3 
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Care should be taken to drive down some distinctive 
stump at the tangent point A, so that it may be easily 
found afterwards. Stumps should, of course, be driven 
down at the end of each chain in the curve, and at the 
point of intersection of the tangents at C. 

It may happen that some obstruction, such as a 
house, trees, &c., will prevent seeing from the point A 
further on the curve than E. If such should be the 
case, remove the theodolite to D, the point preceding 
E. Then sight first on E, and continue to lay off the 
tangential angles as before until the end of the curve is 
reached. 

Prob, 3. — The radius AM and angle of intersection 
K C B being given, to find the length of the tangent 
A C. See figure, p. 54. 

Solution, — In the right triangle A M C we have 

f % =tan. A M C = tan. A K C B. 

AM ^ 

.-. Tan. = 11 tan. iKCB. 

Example,— G'vfeji K C B=22° 52', and R = 30-00, 
to find tangent A C. 

R = 30-00 log. 3-477121 
I K C B = 11° 26" tan. 9-305869 

Tan. A 0=606*72 2-782990 

Prob, 4. — When the point of intersection C of the 
tangents G A and H B happens to fall in a sheet of 
water, a wood, or a pile of buildings, to find the angle 
of intersection K C B. 

Set off D E and F I at right angles to G C, and J L 
and O P at right angles to H C, and let these perpen- 
diculars measure equally, so that lines produced through 
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the points E^ I, L, and P, to intersect the tangents G C 

and H C, may clear the 

obstacle in the way as at 

Q and R. Now measure 

the angle L S R, which 

is equal to the angle 

of intersection K C B. 

Measuring S Q, and S R 

gives Q C and R C, which 

added to A Q and B R^ 

respectively give the 

length of the tangents A C and B C. 

Prob. 5. — Given the angle of intersection KGB, 
= A M Bj and the tangential angle C A D, to find 
the length of the curve. See figure, p. 54 

Solution, — The angle of intersection, divided by the 
tangential angle, gives the length of the curve in chains. 
The length thus found is not the length of the arc, but 
the length of the chords. The length of the arc may 
be found by Rule 1, page 15, 

Prob, 6. — To lay out a curve on the ground with the 
chain only, by equidistant offsets from the tangents, 
no obstruction being on the convex side of the curve. 

Let G A and H B be the tangents which are to be 
connected by a curve, the radius of which is given, and 
A the point whence the curve is proposed to commence. 
Produce the tangent G A in the same straight line 
towards C ; measure, say, one chain from A to E. Now, 
if the length of the offset E F to the curve be known, 
by raising the offset the proper length, the point F in 
the curve becomes known. 

To find the length of the offset E F. Join F D, and 
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let fall P L perpendicular on A D. In the right 
triangle F L D, D F^ = D L^+L F^ but D F = A D, 
therefore A D2 = D L^+L F'; transpose L F, and 
AD* — L F^ = D L^; extract the square root of each 
side, and -v/aD^-— LF = D L. If D L be taken from 

AD,wegetAL = EF, 
the length of the off- 
set required. The 
length of the offset 
I K, at the end of the 
second chain on the 
tangent, can be found 
in a similar manner; 
for I K = AM = A D — D M, D M being equal the 
\/A W — K M^; and so on with regard to any other 
offset. 

Example, — Suppose the radius A D equal 40 chains, 
to find the length of the offset E F to the curve at 
the end of the first chain. By the above formula 
s/T~W^^^hY' = jy L; that is, x/40^— P = D L = 
v/l599 = 39-987498; this last number taken from the 
radius, 40 chains, leaves '012502 of a chain, the length 
of the offset E F. If we multiply -012502 by 792, the 
number of inches in a chain, we obtain 9*901 584 inches 
= E F. The length of the offset I K is found in a similar 
manner. For D M = -v/A D^ — K M^ = -v/40^— 2'- 

= ^/l596 =39-9499687, which subtracted from the 
radius, 40 chains, leaves -0500313 of a chain. This 
number, multiplied by 792, gives 39-6247896 inches as 
the length of the offset I K at the end of the second 
chain. 

So that to obtain the length of an offset from any 
point on the tangent to the curve, we have only to 
•subtract the square of the distance measured on the 
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tangent from the square of the radius, and extract the 
square root of the remainder; the root so obtained 
subtracted from the radius gives the length of the 
offset. 



Setting out a New Tangent, — At every eight or ten 
chains it may be advisable to recommence operations, 
which is done by setting out a new tangent to the 
curve. This may be done by joining the last point 
found in the curve to the next but one from it in the 
curve, viz., that corresponding to the offset two chains 
back. Then a line ranged forward parallel to this 
chord, and touching the curve at the middle point, will 
be the tangent required. 

The following method will perhaps be found superior 
to the one just given, as no ground is lost, and affords 
a better position for 
ranging the new tan- 
gent. Let K be the 
point whence it is re- 
quired to start with the 
new tangent. From A 
set off on A C, a distance 

, , AP+IK' 

equal to — ^ . , 

^ 2 A 1 ; 

that is, the sum of the 
squares of the last offset 
and the whole distance 
measured on the tan- 
gent, divided by twice the same distance. A line from 
the point thus obtained, ranged forward through K, the 
last point found in the curve, will be the tangent 
required. 

As the formula just given is not only useful in prac- 




G2 RAILWAY CURVES. 

tice, but strictly geometrical, it may be well to give its 

demonstration. Join A K, and bisect it in Q j connect 

D Q, and produce it both ways to O and P. Now A K 

being bisected by the line D Q drawn from the centre, 

the angles A Q P and P Q K are right angles (Euclid 

3, iii.) ; it follows that the angles I K Q and I P Q 

are together equal to two right angles ; therefore a circle 

may be described about the quadrilateral I K Q P. 

Let the circle be described. Now according to cor. 

Euclid 36, iii., K AxA Q = I AxA P, butK Ax A Q 

K A^ A I3+I K2 . T A A T. AI2+I K2 
= — ^r— = , therefore I A x A P= ^ ; 

multiply off by 2, and 2 I A X A P = A P+ 1 K2 ; divide 

A P+I K2 
by 2 I A, and A P = — oj\ — • Now, as A Q and 

Q P are equal K Q and Q P, each to each, and the 
contained angles equal, the line A P is equal to P K ; 
consequently P K is a tangent (Euclid 37, iii.). 

Frob. 7. — To lay out the curve by offsets from its 

/■^ ^__ chord, or chords, when 

obstructions occur on the 
convex side of the curve. 
Let A C B be a portion 
or the whole of a railway 
V curve, H A a tangent at 
its commencement, C E a tangent at its middle point 
C, and A D, B D its radii. Take the chord A B, an 
even number of chains ; find the successive offsets cor- 
responding to the radius A D, and the tangent C E = 
A F=i A B, as in Prob. 6, p. 59. The last offset E A 
will be equal C F ; from C F subtract the successive 
offsets, and the remainders will be respectively the 
offsets, which must be set off in an inverted order from 
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A to F, and their order must be again inverted in 
setting them off from F to B. The operation may be 
continued by taking other chords/ as B G. 

Note. — This method of laying out a curve may be advan- 
tageously used where a -winding river, buildings, cliffs, &c. , are 
close to or protrude in some places over the curve. The tangent 
C E, which is parallel to A B, is not used further than to explain 
the method of finding the offsets. An important point in relation 
to this method has been hitherto entirely overlooked by writers 
on railway curves ; that is, they do not furnish any means by 
which the direction of the chord A B is to be determined. This 
is necessary. Let the radius of the curve be 40 chains, and the 
chord A B be 10 chains, how is its direction to be determined ? 
By No. 7 formual for the solution of right triangles, p. 55, the 
angle A D F is found to be 7^ 10' 50", but the angle AD F is 
equal F A K. If a theodolite be fixed at A, and an angle equal 
to 7^ 10' 50" be laid off with the line A K, it will determine the 
direction of the chord A B. 

IVob. 8. — Given the radius A F, or the tangential 
angle / of a curve^ and the angle BAG, 
made by the chord A C with the tan- 
gent at A, to find the length of the 

chord A C. 

, ^ 100 sin. BAG 

A C= — T • 

sin. t 

Suppose the curve A C is 4 chains long^ 
and that we wish to find the length 
of the chord A C. In this case the angle B A C = 4:t, 

and A C= : — i — , and the radius 

sm. t 

A F= — > ^^ -^ • 

sin. BAG sin. 4:t 

Prob, 9. — Given the line A B, which joins the fixed 
tangential points A and B, the angles B A I and A B I, 
and the first radius A E of a compound curve, to find 
the second radius B F to unite the tangents H A and 
KB. 
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BF=A E+ 



BD 




2 sin. C B 1 
The point D may be determined in the field by laying 

off the angle I A D = 
i(B A I+A B I), and mea- 
suring the distance A D= 
2AE 8m.i(BAI+ABI). 
B D and C B I may then 
be measured. 

When the angle A B I 
is greater than B A I, that 
is, when the greater radius 
is given, the solution is the 
same, except that the angle 
D A B=i(A B I— B A I), and C B I is found by 
subtractir^g the supplement of A B D from A B I. 
We shall also find C B = C D— B D, and therefore 

B F = A E JZ : ^ -p T * 

2 sm. C B I 

Prob, 10. — Given the tangents A I and B I, the 
angle of intersection B I E», and the first radius A E, 
to find the second radius BE. See last figure. 

Solution. — Suppose the first curve to be run with the 
given radius from A to D, where its tangent D O 
becomes parallel to B I. Through D draw D P parallel to 

AI, andwehaveIP=DO = AO = Rad.tan. JB 1 R 
(Prob. 3). Then in the triangle D P B we have D P = 

IO = A I— AO = AI — Kad .tan.^BI R = BI— IP 
==-B I — Rad. tan. J B 1 R, and the included angle 
D P B = A I P = 180°— J B I R. In the triangle 
D P B, the sides D P and P B are given, and the in- 
cluded angle, from which the angle C B I, and the 
side B D may be computed by formula 14, p. 56. The 
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rest of the solution is the same as the last problem. 
The determination of the point D in the field is also 
the same ; the angle IAD being in this case=i B I R. 
When A B I is greater than B A I, that is, when the 
greater radius is given^ the solution is the same, except 
that D P = Rad. tan. i B I R— A I, and B P = Ilad. 
tan. IBIR— B I. 

Prob, 11. — Given the perpendicular distance between 
two parallel tangents B D, and the distance between 
the tangent points A B, to 
determine the reversing 
point C, and the common w — 
radius E C = C F of a ser- 
pentine or reversed curve 
uniting the tangents H A 
and B K. 

FC, orEC=: 




4BD 

If the common radius E C=C F, and the perpendicular 
distance B D be given, and A B required, then 

A B = 2 VeCxBD' 
The reversing point is the middle point of A B. 

Prob, 12. — Given the perpendicular distance between 
two parallel tangents B D, the distance between the 
two tangents^ points A B, and the first radius E C, of a 
serpentine or reversed curve uniting the tangents H A 
and B K, to find the chords A C and C B, and the 
other radius C F. 

Draw the perpendiculars E G and F L. Then 
the right triangles A B D and E A G are similar, 
since the angle BAD = iAEC = AEG. Therefore 
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AB:BD::EA:AG, orAB:BD::EC:iAC; 

multiply means and extremes, and 

ABxJAC=BDxEO; multiply off by 2, and 

ABxAC=2E0xBD. Divide by A Band AC =?-5^^^ 

And AB — AC = OB. 
To find C F, the similar triangles A B D and F C L 
give AB:BD::FC:CL; multiply extremes and 
means, and F C+B D=A B C L, but C L =i C B ; 

y therefore F C X B D = 

A BxiCB; multiply off 

by 2, andFCx2BD = 

A B X C B ; divide by 

^ 2 B D, and 

_^_ABxOB 

IfBD, AC, andCB 

are given, to find A B, E C, and C F. We have 
AB=AC + CB; by one of the above formulae 
ABxAC=2ECxBD,or2BDxEC,then 




EC= 



ABxAO 



And FOorCF= 



ABxCB 



If E C, C F, and B D are given, to find A B, A C, and 
CB. 

ABxAO 



AB-hCB 
2BD 



2BD 



•=Ea 



=C F ; add these together, and 



^^^^^^^^^ =E 0+0 F. Multiply off by 2 B D, and 

A B(A 0-fO B)=EC+CF"x2 B D ; but A 0+0 B= A B, 

therefore 

A B2=E0+CF x 2 B D. Extract the square root of both sides 
A B= V(E04-0F)x2BD. 
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Having found A B, we have, as shown above, A C = 
2ECxBD 



AB 



And CB=AB— AC. 



Prob, 13. — Given the line A B, which joins the fixed 
tangent points A and B, the angles DAB and A B G, 




to find the common radius E C=:C F of a serpentine or 
reversed curve to unite the tangents H A and B L. 

1. Formula, sin. A K E = B K F=co8. J (D A Bx A B G) 

cos.i(DAB — ABG). 

2. Formula. EO=OF= 

i A B Bin. A K E 

(cos. A K E— J(D AB+A B G) ) cos. J(D A B— AB Gi). 

Example.— Gi^en A B=1500, D A B=18°, and 
A B G=6°, to find E C=0 F. 

J (D A B + A B G)=12° cos. 9-99040^ 
i (D A B— A B G)= 6° cos. 9-997614: 



A K E 76^ 36' 10" 
iAB=750 



A K E— J (D A B+A B G) = 

64° 36' 10" cos. 9-632347 
J(D A B — A B G) = 6° cos. 9 997614 



sin. 9-988018 
2-875061 

2-863079 



EC=C F=RadiuB=1710-48 / 



/ 



9-629961 
3-233118 
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Prob, 14. — Given the length of the common tangent 
D G, and the angles of intersection GDI and B G N, 
to find the common radius C E=C F of a reversed 
curve to unite the tangents H A and B L. See last figure. 

^ ^ D G COS. i C D I COS. I B G N 
CE^CF- 8in.A(CDH-BGN) ' 

The points A and B are found by measuring from D 
a distance A D=C E, tan. ^ C D I, and from G a dis- 
tance B G=C E, tan. ^B GN. 

ExampJe.^GixQn D G=800, C D 1= 14°, and B G N 
= 10°, tofindCE=CF. 

DG=800 2-903090 

JCD 1=7° COS. 9 -996751 

J B G N= 5« COS. 9-998344 

2-898185 
i(C D I + B G N)=12« sin. 9-317879 



Radius C E=C F= 3804-57 3-580306 

Vertical Curves. 
Vertical curves are used to round oflP the angles 
formed at the junction of two gradients. Let A C and 
C B be two gradients meeting at C. The rates of in- 
clination of the gradients are assumed to be known. 
Thus, starting from A, the rates of inclination of A C 
and C B may be denoted respectively by r and r' ; that 
is, r denotes what is added to the height at every 
station on A C, and r denotes what is added to the 
height at every station on C B ; but as C B is a de- 
scending gradient, the quantity r^ is therefore minus. 
By the principles of the parabola we are enabled readily 
to unite any two gradients by a vertical curve. 

Prob, 15. — Given r equal the rate of inclination of 
the gradient A C, and r' the rate of inclination of C B, 
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and the number of stations from A and B, the tangent 
points to C equal, to unite the tangent points by a 
parabolic vertical curve. 

Let A E B be the parabolic curve required. Through 
A draw the horizontal line A K ; let fall B K perpen- 
dicular on A K; produce B K to meet A C produced in 
F. From C let fall C H perpendicular on A K. Then, 
since the distance from C to A and B is measured 
horizontally, A H is equal H K, and therefore A D=D B. 
The vertical line C D is therefore a diameter of the 
parabola, and the distances T M, T' M', &c., to the 




curve in a vertical direction from the stations on the 
tangent A C are to each other as the squares of the 
number of stations from A» That is, if d represent 
this distance at T, the first station from A, the distance 
at T', the second station, would be 4d, at the third 9d, 
and at B, which is 2n stations from A, it would be 

4m>^d; that is, ¥B=4n% or d=-^-^. As FB is still 



2" 



4n 

an unknown quantity, it is requisite to find it first in 
order to find d. Through C draw C G parallel to A K. 
Then the triangles CFG and A C H are equal, and 
F G C H. But C H is the rise in n stations from A 
to C ; that is, C }l = nr, or F G=:/ir. And G B is the 
rise in the second gradient CB inn stations ; but as r^ 
is minus, G B=— » /. Therefore F B=F G+G B= 
nr — nr^. If we substitute thos value of F B in the 

y 



70 RAILWAY CURVES. 

foregoinff formula for d, we obtain d=^ — --z — = . 

The value of d being thus founds all the distances dy 
4d, 9d, 16d, &c., from the tangent A F to the curve, are 
known. If T and T' be the - iirst and second stations 
on the tangent, and the vertical lines T O and T' O' be 
drawn to the horizontal line A K, the height T O of the 
first station above A is r, the height T' O' of the second 
station above A is 2r, and so on for successive stations 
we should find the heights 3r, 4r, &c. 

As we have found T M=d, T'M'=4t/, &c., we shall 
have for the heights of the curve above the level of A, 
MO=TO— TM=r— ^,T'0'=M'0'— T'M'=2r— 4t/, 
and in like manner for the succeeding heights 3r — 9d, 
4r — \6d, &c. Then to find the heights for the curve 
at the successive stations from A, that is, the rise of 
each height over the preceding height, we must subtract 
each height from the next following, thus : (r — d) — = 
r—d, (2r— 4c?)— (r— 6?)= r—Sd, (3r— 9J)— (2r— 4J) 
= r—6d, {4r—l6d) — {3r—9d)=r—7d, &c. The 
heights of the successive stations for the vertical curve 
are therefore 

r — cZ, r — Sd, r — 5d, r — 7d, &c., 

In finding these heights close attention should be given 
to the algebraic signs. 

Example, — Let the number of stations on each side 
of A C be 4, and A C ascend -8 per station, and C B 
descend '6 per station. In this case /i = 4, r = *8, and 

7^=— -6. Then c?=^L^=tl^Ll^= -0875 and 

4n 4x4 16 

the heights from A to B are — 
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r — d= 
r— 3^= 
r— 5d= 
r— 7d= 
r— M= 
r^lld= 
r—13d= 
r-^15d= 



S— -0875= -7125 
8— -2625= -5375 
8— -4375= -3625 
8— -6125= -1875 
8— -7875= -0125 
8— -9625=— -1625 
8— 1-1375=— -3375 
8— 1-3125=— -6125 



Turnouts and Crossings. 
The ordinary mode of turning off from a main track 
is switching a pair of rails in the main track, and laying 
a turnout curve tangent to the switched rails, placing a 
frog where the outer rail of the turnout crosses the 
rail of the main track. One of the rails of the main 
track switched is represented by A B ; B F represents 
the outer rail of the turnout curve, tangent to A B; and 
F shows the position of the frog. The switch angle 
is DAB, formed by the switched rail A B with A D, 
its former position in the main track. G F M is the 
frog angle made by the crossing rails, the direction of 
the turnout rail at F being the tangent F M at that 
point. The gauge of the track D C, and the range 
D B of the switched rail A B, are supposed to be known. 
The switch angle DAB, the sine of which by formula 1, 
p. (55), is equal D B divided by the length of the 
switched rail. If the switched rail should be 20 feet 
long, and DB=-5 of a foot, then the angle DAB = 
1° 41'. 

Prob. 16. — Given the radius B E of the centre line 
of a turnout, to find the frog angle G F M and the 
chord B F. 

COB. G F M=co8. D A ^~ eB-4-4DQ ' 
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By this formula G F M may be found by a table of 
natural cosines. 



BF=^ 



DC— DB 



'8in.J(GFM+DAB) 

Example, — Given D C, the width of the gauge, equal 
4 feet 8i inches, or 4-708 inches, D B equal half a foot. 




or -5", the angle D AB=1° 41', and the radius B E= 
500, to find the angle G F M and the chord B F. 

nat. COS. D A B = '99957 D — D B =4-208' 

EB+iD 0=602-354, and 4-208-^502-354 =-0083765. 

Therefore nat. cos. G FM=-99957— -0083765= 99119= 

7^ 37' 15". 

To find the chord B F :— 



D 0— D B = 4-208 log. 0-624076 
KG F M+D A B) =4^ 39' 7" sin. 8-909033 



BF = 51-873 1-714943 

Frob. 17. — Given the frog angle GFM, to find the 
radius B E of the centre line of a turnout, and the chord 
B F. See last figure. 

BE ^(P^-PB) IDC 

^ ^""sin-i (GF M + D A B) sin. i(G F M— D A B) 2^^- 



BF=-. 



DO— DB 



Bin.i(GFM+DAB) 
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Prob. 18. — To find the position of a given frog prac- 
tically on the ground. 

Let L = length of rail,/ = length of frog, and w its 
width. From B as a centre^ with a radius B H=2 L^ 



describe the arc G H K, and from the inside of the rail 
at G measure G H=2 D B^ and from H measure H K, 
such that H K : B H::^^; :/,or H K : 2 L: .^ z«; :/; 
multiply means and extremes^ and H Kx/=L w ; divide 

by/, and H K=— r-. Then a straight line through B 

and the point K will strike the inside of the other rail 
at F, the place for the point of the frog. 

If the turnout is to reverse and become parallel to 
the main track, or enters a parallel main track by a 
second switch, and becomes a crossing, the problems on 
reversed curves already given will generally be found 
sufficient. 
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DIVISION V. 

RAILWAY TUNNELLING. 



(17.) When the depth of the excavations of a railway 
becomes 60 feet or upwards, the ground afterwards rising 
rapidly for a considerable distance, the further progress of 
the works will be effected in the most economical manner 
by tunnelling. Previous to laying out the earthwork of a 
tunnel, the levelling operation must be repeated with great 
care, and properly checked as to its accuracy, especially 
when the tunnel passes under a very high summit: for, if 
the section be inaccurate, the gradient or gradients on 
which the tunnel is formed will be found in practice not to 
meet at the points shown on the section, and thus greatly 
embarrass the mining operation. If only one gradient is 
used in the formation of the tunnel, it must incline to one 
of its extremities to discharge the water generated therein. 
Strong poles must be firmly fixed on the surface of the 
ground,- in the proposed direction of the tunnel. Shafts 
must be sunk at the distance of 5 or 6 chains from one 
another, in the line of the poles, to ventUate the tunnel, and 
check the accuracy of the work as it proceeds, the depth 
of the shafts being determined by measurement from the 
section. If the tunnel be a long one, and in wet ground, 
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it would be preferable to form it on two gradients, inclining 
to its two ends to liberate the water, which would greatly 
aid the mining operation, which is usually commenced at 
both ends of the tunnel at the same time. Moreover, a 
head-way, 5 feet in height and 3 in width, may be readily 
formed for the liberation of the water in the tunnel and the 
shafts; the more extensive works of the tunnel may, in this 
case, be also commenced at the bottom of the shafts, as 
soon as they are sunk. When a curve is required in the 
direction of a part or the whole of a tunnel, the curve must 
be carefully laid down on the surface, by one or other of 
the methods given for laying out railway curves, making 
proper allowance for acclivities and declivities, fixing poles 
in the direction of the curve, that the shafts may be sunk 
to meet the mining work of the tunnel, and check their 
accuracy, which is more especially necessary when the 
tunnel is curved. 

The width and depth of a tunnel, on the narrow gauge, 
should be about 30 feet each, and must extend 5 or 6 feet 
below the intended line of the rails; thus giving space for 
the inverted arch and the ballasting ; but where the exca- 
vation is made through rock sufficiently hard to form the 
bottom and side walls of the tunnel, 22 or 24 feet in 
width, and about 26 in height, will be sufficient, the exca- 
vation being in this case terminated upon the formation- 
level. Tor a tunnel on the broad gauge, the depth and 
width must, in both cases, be proportionably larger. 

The figure, page 88, shows the cross section of a 
tunnel where it is cut through loose earth, sand, or 
gravel. The arch and invert, the ballast, wooden 
sleepers, and rails are clearly represented ; the drainage 
is effected by the drain shown above the middle of the 
invert. It will be observed that the brickwork, from 

E 2 
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the invert upwards, is oval in form : by this means, 
greater resistance to side pressure is obtained than if 
the side- walls had been built perpendicularly. 



Centrifugal force of trains in railway curves. 

Since all moving bodies have a tendency to preserve 
their motion in a direct line, hence a railway train of great 
velocity, when moving in a curve, is strongly impelled 
towards the exterior rail, and would readily leave the rails 
were it not prevented by the flanges of the wheels and the 
conical inclination of their tire. Let P= centrifugal force 
thus generated, E= radius of the curve, W= weight of the 
train, V=its velocity, and ^= force of gravity at the earth's 

W V 

surface; then by Dynamics : r= — —-. Prom this for- 

9 R 
mula, when E=^ a mile =2640 feet, V= velocity =60 
miles per hour =88 feet per second, and ^=32 feet; then 

F= = nearly — W; that is, the force is — of 

32x2640 "^ 11 11 

the weight of the train, at once showing the extreme danger 
of high velocities in curves of small radius. Except in 
curves of very small radius, this force is counteracted by the 
conical inclination of the tire of the wheels of the train, 
which increases the diameter of the outer wheels, and di- 
minishes that of the inner ones, and which causes the train 
to roll on a conical surface, thus necessarily generating a 
centripetal force to counteract the centrifugal force. How- 
ever, in curves of very smaU radius, these forces are not 
sufficiently counteracted by the form of the tire, and a 
proper superelevation of the exterior rail is required for the 
purpose; for determining which Pambour has given the 
following — 
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Formula for the superelevation of the exterior rail. 

Let E= radius of the curve, E'= radius of the curve 
which the train would describe in consequence of the 
centrifugal force and the inclination of the tire of the 
wheels, ^= gauge of rails, ^= force of gravity, V= velocity, 
and a? = superelevation of the exterior rail; then a?= 

in which R'= , wherein d = outer dia- 

4 A 



ll 
^ 






meterof wheels, A = their deviation, and - = inclination of 

the tire. The correctness of the results derivable from 
these formulae are pretty generally conceded. 
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DIVISION VI. 

MECHANICAL DETAILS AND ILLUS- 

TRATIONS. 



The practical operations of ranging, staking, and 
nicking out the centre line; of setting out and testing 
the curves, and of adapting them to the various circum- 
stances and obstructions which continually arise ; the fixing 
the level pegs and permanent posts, taking the cross sec- 
tions, plotting the working sections to scales (usually of 3 
cliains horizontal, and 50 feet vertical, to an inch), ascer« 
taining quantities, the setting out the slopes and widths, 
the foundations and work generally, as well as full parti- 
culars of the tools and instruments employed, are treated at 
length in the various publications devoted to the more 
detailed illustration of the subject. 

Boring, with a description of the most useful tools, forms 
the subject of a separate work.* 

The Fencing may be of brick wall; of rubble, with 
dressed coping ; of posts, rails, fences, and ditches ; or of 
growing and impervious hedges ; — the ditches proportioned 
to the quantities of water to be carried off, and discharged 
into the nearest water-course; — the gradients, curves, and 
slopes of each work, determined according to local circum- 
stances and the materials employed. 

The average proportions of Materials required for a 

• Vol. 31 Rudimentary Series. 
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Trank Line, of double way, per mile, may be estimated at : — 
Earth works, 100,000 cubic yards. Ballasting, 30 feet 
wide, 24 inches thick, 11,740 cubic yards. Sleepers, 3,520, 
5 cubic feet each, 350 loads. Chairs, joints, 42lbs., 1,410, 
26 tons. Chairs, intermediate, 28lbs., 5,640, 70 tons. 
Rails, 84lbs. per yard, 264 tons. Wedges, compressed elm, 
7,050. Bolts, or compressed treenails, 14,100. Fencing, 
if not of quick or shrubs, 120 loads. Masonry — Bridges, 
2 J per mile. Culverts, 176 per mile. Stations, one every 
5 miles. 

The relative proportions of charges for cost of B;ailway 
works have been roughly estimated as land, 10 per 
cent. ; stations and carrying establishment, 20 per cent. ; 
management, 10 per cent.; iron, 10 per cent.; works of 
construction, 50 per cent. ; and the total expenditure at 3*. 
per mile, per train ; of which the locomotive charges were 
1*. Qd. ; depreciation and interest, Qd. ; carriage charges, 
4:d.; duty, salaries, management, establishment and main- 
tenance, 8^. 

The essential points of difference in the principles of 
construction may be defined as a varying gauge, ranging 
from 4 feet 8 J inches to 7 feet, as under : — 
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No 1. — 4 feet 6 inches, originally laid down in Scotland* 
No. 2. — 4 feet 8j inches, the gauge in most general use. 
No. 3. — of 5 feet, formerly adopted for the Eastern Coun- 
ties and Blackwall lines. No. 4 — of 5 feet 6 inches, used 
in Scotland. No. 5. — The Irish gauge of 6 feet 2 inches ; 
and No. 6, the Great Western of 7 feet gauge. 
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And the adoption of transverse sleepers and intermittent 
supports, at unequal intervals, with edge rails, or continuous 
longitudinal bearings, with a bridge rail, as shown on the 
annexed sketches. 




Edge Rail, with transverse sleepers. 




Bridge Rail, with longitudinal bearings. 

The forms of rails, chairs, modes of fastening, section of 
sleepers, combined chairs and sleepers, of cast and wrought 
iron, the use of hollow iron or compressed wood wedges, 
the turn table, switch, water crane, and other parts of the 
work, admit of great variety and modification, and have 
each their advocates and claims to superior advantages. 
They are rather deviations of detail than questions of prin- 
ciple. The annexed diagrams illustrate several of the plans 
in operation. 
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The sleepers, as shown above, are of stone, in blocks of 
about 4 cubic feet, or of timber, squared, or cut diagonally 
with a triangular section, or half-round, as in the case of 
larch and other descriptions of trees, of which the trunk is 
cut in lengths of 9 and 10 feet and divided. 

Of rails, the following are the most approved sections. 




The first and fourth are the 72lb. and 84lb. rails of the 
London and North Western Company. The second and 
fifth, the best forms of bridge rail, and the third shows the*' 
most approved section of foot rail in use. 

The form of cast-iron chair in most general use, with 
the compressed wooden wedge and trenails, and the adjust- 
ing gauge, are shown in the annexed sketches. 




MECHANICAL DETAILS 



The following cuts show the mode of fixing and the 
proportions of the joint aad intermediate chairs, with the 
instruments used for boring the trenail holes with accuracy 
and despatch. 




Upon this subject, the report of Mr Dockray, respect- 
ing the rehyuig of the London and North Western line, 
deserves especial consideration 

Tlie substance of this really valuable document is the 
strong recommendation to adopt, in the renewal of the 
permanent way, a principle which will be understood by 
reference to the annexed sketches, as in Mr Dockray's 
opinion comhinmg the advantages and avoiding the defects 
which in greater or less degree attach to the works upon 
all the other lines be had examined 
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The plan and elevation show the general arrangement. 
The three enlarged sketches show the bridge rail, bolted at 
the joints and on the intermediate cross sleepers, with the 
wrought-iron shoe used where the rails meet. The longi- 
tudinal bearing, the secure mode of fastening, and the means 
by which the uniform inclination or cant of the rails is 
obtained, are clearly indicated. 

Under this arrangement, the number of parts in a mile 
of single line, which on the Great Western amounts to 
28,512, and on the London and North Western to 17,248, 
will be reduced to 13,876, the cost being respectively 
6/. 15*., 6^. 5*., and IL 6s, per length of 15 feet, when 
the price of rails was 10^. per ton. 

Among the numerous inventions which have been tried 
for the improvement and for the greater economy of con- 
struction and maintenance of the permanent way, a few may 
be mentioned as possessing a sufficient degree of novelty in 
principle and practical character to justify their enumeration. 
See division 10. 

The cast-iron combined sleeper and chair of Mr. Barlow, 
which has been laid down on the South Eastern line, will 
be understood from the following sketch : — 
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Mr. W. Bruntoii'a combined cast-iron chair and sle<per 
s sliown in the annexed sketch : — 




Mr Greave s combined cast mjn hollow sleeper or block 
and chair in a emgle casting the rails being keyed up 
in the usual manner, and the gauge of rail preserved by 
ties to each =et of sleepers as shown in the annesed 
sketch — 




Mr. W. H. Barlow's, aa shown below, in which the 
increased width of the rail is made available as a bear- 
ing for its support ; — at the joints, a wrought-iron plate 
or shoe is bolted to tlie rails, and the ties are of broad 
wrought iron. 
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Another mode of construction is that of Sir Macdonald 
Stephenson^s to provide against the contingency of its being 
found impossible to preserve and protect the wood sleepers 
in tropical climates. The diagram shows the arrangement 
by which a continuous bearing is obtained with any form of 
rail, and without the use of wood at all. No wedges or 
bolts are required, except at the joints, and no cast iron is 
made use of. The principle consists in the previous prepa- 
ration, by shaping, punching, and bending wrought-iron 
boiler plate, of about ^ or f thickness. The ends are 
turned up and abut one against the other, the rail being 
inserted into the opening punched out of the plates to 
receive it, and forming a clip which effectually secures the 
rail under all circumstances. 




y^^. - A y^t^ 



At the joints is inserted a cheek of 1 inch plate, similarly 
punched to receive the rail, and bolted to the ends of the 
bent plates. The cheek is tapered to form the connecting 
rod between the two rails. 

The annexed rougli sketch will show the mode of pre- 

E 3 
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paring the plates, the dark part being cui awav, and the eiids 

bent up at right angles. 




The several fonns of construction and station apparatus 
are sliown in the following sketches 




llie above section and plan show a line in cutting, with 
retaining waIN, the longitudinal and crcs drains, and stone 
blocks, which have given place very generally to wood 
sleepers, the elasticity of which, as compared with the 
ngidity of the stone, tends to materially diminish the cost 
of maintenance of way, and current repairs 



The two following sections represent a cutting and em- 
bankment, with provisions for drainage, and the preservation 
of the banks by pitching. Wood sleepers are shown in 
both sections, and on the latter, the line is assumed to be 
laid in a district snbject to inundation, and to b 
ally under water. 




llie aitne^(.d section is t^ken from one of the lines 
Holland, which passes through wet and marshy land, and is 
formed of fascmes and stakes bound together, and laid 
alternately across and longitudmallr 




Tlie pile lines which have been constructed in parts of 
the South American States, where circumstances bave 
induced their adoption, are shown in the following 
sketches 

Tliey ire only npphcable where the loads are light, timber 
abundant and where the usual mode of construction is 
attended with especial difficulty The objection to their 
subsidence wiU be removed by the use of the screw pile 
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elsewhere referred to. They are composed of a series of 
piles, securely conuected by cross timbers, and a longitudinal 
framing, on which a plain bar of iron, or a light rail and 
chair are laid. When the piles rise much above the ground 
level, diagonal braces require to be introduced. 




The following i*! a sket<.h of a line Uid in a tunnel on 
wood sleepers, showing the driiiiT'e 
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The operation of diverting, by means of turn tables, 
an engine, carriage, or waggon from one to another line 
of rails, will be readily understood by reference to the 
following sketch. 

The tnm tables in general use are of cast iron, with 
wrought-iron ties, bolts, and revolving gearing ; they are 
occasionally made of wood and iron, as well as of wrought 
iron exclusively. 

The principle of construction by which they were made 
to revolve on a centre, has been entirely set aside, aa 
entailing increased cost for the foundations, and the 
original plans are now uniformly adhered to. 
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The following sketch of the apparatas by which an 
entire train is turned from one into another line of rails, 
will explain the operation. The single line of rails is 
shifted by the switch (shown at the side) to either of the 
three diverging lines. 

The improved switches in most general use are those of 
Wild and Fox. 
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The following sketch shows the position in relation to 
the line of rails of the ticket platform, to or near the 
entrance of a station. 




The simplicity of the means employed to prevent the 
loading of waggons exceeding the hmits allowed for 
passing through tunnels and under bridges, will be under- 
stood by tlie annexed sketch of a frame, with a bell 
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attached to it, under wliich the loaded waggons readily 
pass, so long as their loading does not exceed the prescribed 
limits. 

The following sketch shows the mode of keeping open 
the communication for foot passengers between the two 
sides of a line of Eailway, without crossing on the level. 




The following is a sketch of the goods' crane, showing 
its position in relation to the Railway, and the facilities 
afforded for loading and discharging the waggons. 




"•*'*^5T55S^s- 
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The annexed sketch shows, on an enlarged scale, & 
description of water crane in very general use, but which 
is neither so simple nor economical a form as is shown in 
the smaller diagram in which tlie water is contained in a 
cistern above the c 
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In the annexed sketch, the water cistern is placed 
above the cranes, two of which are supplied from the 
same source. 




The following are enlarged scale sketches of roofs of 
various descriptions, erected by the late firm of Messrs. 
Fox, Henderson & Co., and the general appearance will 
be seen by reference to the perspective sketch which 
follows. 
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One of the most valuable ausiliaries of a Railway con- 
tractor, ia the portable eogine, of which there are two 
forms in roost general use, vertical and horizontal, — the 
former of which is shown in the annexed sketch. Its 
application to all the varying purposes of contractor's work, 
will be readily understood from its lightness, economy, and 
portability. It is here shown upon a traversing platform 
raising the materials for a building. 




The simplicity and cheapness of what axe known as 
the Volute Springs, entitle them to consideration now 
that they have been in use, both in England and on 
the continent, for a snfBcient period to attest their prac- 



UECHANICAL DETAILS 



tical utility. The aimexecl diagrams will explain their 
coDstructioa ■ — • 




The screw pile, already referred to, is one of the most 
simple, economical, and effective contrivances of this pre- 
eminently mechanical age. The principle will be under- 
stood from the following sketches, of which the smaller 
figure shows the description of screw used for signal, mile, 
or telegraph posts, the larger screw is applied to the more 
substantial purposes of foundation piles; and the mooring 
screw IS show n in the process of fixing, and, as it after- 
wards remains firmly embedded in the sand or silt of a 
nver or harbour. 

The form and proportions of the screw,* as well as the 
mode of fixing, bave been varied according to the views of 
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different engineers, but the principle is the same, and its 
practical value is undisputed. 

One of the suggestions for Eailway carriage wheels, is 
the use of solid wrought iron for tyres, nave, and the 
interval usually occupied by the spokes, the entire wheel 
being rolled, hammered, and shaped out of the soKd. 
The weight is expected to be less than that of the wheels 
in use, and the price the same. It is referred to only 
as partially in use, and yet to be regarded as an 
experiment. 

The subjoined analysis of the cost of the several items 
of expenditure upon the Taunus Railway is extracted 
from Mr. Thorman^s interesting account of that work, 
published in the year 1846, and will give an insight 
into the comparative outlay for the construction of a 
Continental or Colonial Line (not being a trunk), of 
moderate average cost. 

Taunus Railway. — 26 Miles. Prancfort to Weisbaden. 
Gauge 4 ft. %\ in. Bridges, &c., for double line. Single 
rails only laid. Rails 58lbs., cost delivered £16 per ton. 
Sleepers, 12 inch to 16 inch, 8*. 4rf. each. Blocks* 
24 X 24 X 12, 4*. %d. each. Average, six through trains 
daily each way. 



Assume for a 
Colonial Line 
Cost of of 60 tx> 100 

Taunus, miles of 

£ per mile, average work. 

Surveying, Engmeering, &c. . . . 661 600 

Earthworks 669 700 

Bridges and Culverts .... 436 500 

Walling 67 100 

Ballast 214 300 

Blocks and Sleepers 650 700 
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Brought forward 

Kails 

Chairs 

Nails, Keys and Dowells . 

Felt for Chairs 

Laying Rails, Chairs, &o. 

Twenty-five Switches, Crossings and Points 

Turnpike and Cross Roads . 

Fencing, Posts, Warning Tables 

Turn Tables, 16 large 13 small . 

Stations and Watohhouses 

Boundary Stones ..... 

Extra expenses, at . 

Water Tanks, Cranes, Pumps, &c. 

Work not previously included . 

Deduct materials not used, &o. 



! 



Cost of 

Taumis, 

£ per mile. 



2597 

1897 

449 

78 

8 

142 

41 

54 

114 

136 

1019 

4 

42 

25 

21 



6627 
169 



6456 
Land (usually granted free of cost) . . 2088 
Six Locomotives, Tenders, and duplicate parts 559 
Eighty-seven Carriages, 21 Trucks . . 813 

Expenses of administration . . . 179 
Workshops, Tools, &o. .... 76 

Electric Telegraph 11 

10182 



Assume for a 

Colonial Line 

of50tol00 

miles of 

arerage work. 

2900 

1900) 

500 

100 

200 
100 
100 
200 
200 
1100 

100 

100 



7500 
1300 

6200 

650 
900 
200 
100 
50 

8100 



Wm be 2,500 at £16, but at £8, and 841bs. Bridge rail. 

132 tons or 1056 

Spikes, &o. 144 

1200 
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The annexed plate will show the deacription of tools 
employed ia laying tLe line of Bailway. 
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One of the cheapest and most useful descriptions of 
contractor's earth waggon is shown in the annexed 
sketches. 




A light description of engine and carriage combined 
has been recently used on some of the lines, and is well 
adapted for branches or light traffic. The total cost is 
£1,800. Accommodating 20 first class and 96 second 
class passengers, by the use of bow springs, with double 
movement, it can traverse curves of 5 chains radius, 
running on 8 wheels, and travels with this load at 80 
miles an hour, with a consumption of 10 lbs. of coke per 
mile. Of the £1,800, the small engine costs £1,230, the 



AND ILLUSTEATI0N3. 



103 



carriage £570. A smaller description of engine and car- 
riage, to convey 24 first class passengers only, will cost 
about £1,000. 

In the construction of the passenger carri^es, one 



in view. The proportion 
ight in passenger trains 
ification, and consequent 



especial object should be kept i 
of the paying to the dead weig 
is susceptible of material modifi 
economy. 

The travelling public, as a body, would not complain 
of a diminution in the luxurious accommodation afforded, 
by which the charges were sensibly reduced; and it is 
manifest, that if, in lieu of six persons occupying one car- 
riage, eight can in the same space be conveniently pro- 
vided for, the charges upon the larger number might, 
without loss to the Company, be reduced by from 20 to 30 
per cent. 

The annexed sketches of working stock consist of first 
and second class and mail carriages, luggage van, cattle and 
goods waggons, coal waggon, and timber carriage; the 
designs, dimensions, weiglits, and cost varying upon 
different lines. 
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Second Clasa Carriage. 




: 




1 


n-H 


(go (CSSil 




Lty 





104 



MECHANICAL DETAILS 




B g fe ) 6 1 H I B 



Timber Carriage. 





Goods Waggon. 



Carriage Truck, 




Third Class 
Open Passenger Carriage. 




Coal "Waggon. 



Railway Construction, 

In a preceding part of this volume it is stated that 
the total expenditure per train mile had been roughly 
estimated at 3*. This amount is in excess of the ex- 
penditure at the present time. The total expenditure 
for 1865 on the Great Western was 2^. 7'81rfl per mile 
per train ; on the Great Northern, 2*. 6*685rf. ; on the 
South Eastern, 2^. '10'72rf. per train mile. 

The following are the average receipts per train mile 
from all sources of traffic, for the year 1865, on twelve 
of the most important English railways : — 

s. d. 

Great Eastern 6 4-07 

Great Northern 4 10-25 

Great Western ^^ . . . 5 6*05 

Lancashire and Yorkshire 5 9*39 
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s. d. 
London and North Western 6 0*80 

London, Brighton, and South Coast . . 6 1'71 

London, Chatham, and Dover . . . .4 10*65 

Manchester, Sheffield, and Lincolnshire .6 6*83 

Midland 4 9-68 

North Eastern 4 3-12 

South Eastern 6 10-36 

The average receipts per train mile in England and 
Wales in 1865, from all sources of traffic, were 5^. 8*23rf. ; 
in Scotland, 4^. 6'4iSd,; and in Ireland, 4^. T'SOd.; the 
average for the United Kingdom was 5s, 1*7 4id. 

By an Act of Parliament passed in 1846, commonly 
called the Gauge Act, the widths of the various gauges 
given in a former part of this volume have been some- 
what modified. 

With the object of insuring that engines and car- 
riages of one railway company should be able to pass 
on to the lines belonging to other companies, it was 
enacted, in 1846, that the railways in Great Britain 
shall be on what is called the narrow gauge of 4 feet 
8^ inches ; but inasmuch as before the passing of the 
Act the Great Western Railway and its tributaries 
had been already constructed on the 7-feet gauge, 
certain railways, the construction of which had been, 
or was about to be, authorised in connection with the 
Great Western system, were allowed to be of the latter 
gauge. At the time of the passing of the Gauge Act 
there were 756 miles of broad-gauge line laid down, 
Gloucester having been the only place where the broad 
gauge joined the narrow gauge ; at the present time 
(1867) there are 1,456 miles of the broad gauge exist- 
ing, and twenty-six places where the two gauges join, 
and where a transfer of traffic takes place. The neces- 

F 3 
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sities of the traffic of the countiy have compelled the 
railway companies owning broad-gauge lines to lay 
down additional narrow-gauge lines along 387 miles of 
their system, and 1,069 miles of exclusively broad- 
gauge line remain. At the points where the broad 
gauge joins the narrow gauge great difficulty and ex- 
pense are caused in the interchange of traffic. It has 
been estimated that the expense of each interchange of 
traffic is equivalent to the expense of the conveyance of 
the same traffic over a hundred miles of railway. If 
this estimate be correct, the expense attending the 
interchange of traffic at twenty-six places is equivalent 
to the conveyance of that traffic over a distance of 
2,600 miles. At all events, in consequence of the 
existing condition of things, the Royal Commission on 
Railways, in their Report presented to both Houses 
of Parliament by command of Her Majesty, state : — 
" We are of opinion that the continued existence of the 
double gauge is a national evil. We think it worthy of 
consideration, whether it may not be desirable to re- 
quire the broad gauge to be put an end to, as any 
question as to the respective merits of the two gauges 
has been set at rest by the fact of the large extension 
of the narrow gauge." By the Act of 1846, a uniform 
gauge of 5 feet 3 inches has been, established in 
Ireland 

As negotiations are now being carried oTi bv Her 
Majesty's Government for the purchase of all the Irish 
railways, the editor of this volume has suggested, in a 
letter addressed to the Earl of Derby, First Lord of the 
Treasury, the propriety of reducing the Irish gauge to 
4 feet 8^ inches, in the event of those railways be- 
coming the property of the State, and the construction 



AND TLLUSTRATIONS. 



107 



of a submarine railway on tlie narrow gaugje of 4 feet 
8| inches from Holyhead to Kingstown. By carrying 
into practical effect these suggestions, unbroken railway 
communication would be established throughout all 
parts of the United Kingdom, commercial enterprise 
would he greatly facilitated, and the happiness and 
prosperity of the people vastly promoted. 

With the view of reducing the expense of mainte- 
nance of permanent way, which amounted in 1865 to 
18*31 per cent, of the total working expenses of all the 
railways in Great Britain and Ireland, various inventors 
in different countries have applied themselves in en- 
deavouring to improve the form of rails and sleepers in 
general use. In Prussia the rail illustrated by the 
following cuts has been found to answer well : — 




kUlEwJLEj 



i.BA.l._tA«.I- 




w///////zmmm//^m^:^A 



This rail is 9 inches high, with a flat bottom 5 inches 
wide, weighing 85 lbs. per yard ; the Head down to 1 
inch of the web is formed of steel, the web of fine 
grain, and the bottom of fibrous iron. The vertical 
fish-plates, 18 inches long, have two rows of fish-bolts 
for each rail end, and to increase their stiffness have 
longitudinal ribs resting against the web of the rail. 
The horizontal fish-plates, also 18 inches long, are 8 
inches wide, and their connection with the rails is 
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established by means of a cramp-plate held between 
the nuts of the fish-bolt, and bearing upon the base of 
the rail. The use of the cramp is principally to allow 
a greater width of fish-plate, and to protect it against 
buckling up by the pressure of the rail. The rails are 
held to gauge by 1-inch round bars, placed 3 feet apart, 
the ends of which are provided with a screw thread, 
nut, and washer at each side of the web, so as to allow 
an easy adjustment of widening or narrowing the rail 
distance to the proper gauge. Alternately the cross 
or gauge bars are put either 3 inches from the top of 
the head or 3 inches from the bottom of the rail. The 
whole weight of the system is 145 tons per mile of 
single track; the contract price all round being £13 
15*. per ton ; or, exclusively of the ballast and laying 
down, £1,985 per mile. Wooden sleepers are entirely 
dispensed with. 




The above cut represents a sample of iron per- 
manent way used on some of the railways of Austria. 
The transverse T-iron sleeper is bent up slightly, so as 
to raise the rail above the level of the ballasting. The 
dimensions of this sleeper are 5 inches - broad upon the 
upper surface, and 3 inches deep in the web. 

A single-headed rail is bolted through two stay- 
pieces, one on either side, which are riveted to, and 
of the same length as the width of, the sleeper. 

Below are given a plan, side elevation, and end view 
of a system of permanent way patented by Messrs. 
Livesey and Edwards, Victoria Chambers, Westminster, 
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Loudou. The sleepers are of cast-iron, oval in form, 
2 feet 2 inches long and 1 foot 8 inches broad, and are 
held to gauge by iron tie-bars having two holes punched 
in each, one near each end, through which is driven a 




PLAN 










Side Elevation. 

parallel curved cotter immediately under the rail. The 
cotter is completely locked up, and can neither work loose 
nor be tampered with until the rail is removed. An 
efficient yet simple arrangement of this system is the 
self- fastening corrugated iron key, which is driven in and 
out by means of a plate-layer's hammer, the rail yield- 
ing slightly between the two end jaws, to allow the 
indents in the key to pass those in the centre jaw ; and 
so firmly is the key held that no vibration of the road 
can move it. 

The following is an estimate of the cost per mile of 
tliis system — exclusive of rails, fish-plates, and fish- 
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bolts — suitable for a rail weighing about 60 lbs. per 
yard ; length of each rail, 21 feet ; five pairs of sleepers 
to each length of rail ; gauge of road, 4 feet 8| inches ; 
bearings, 2 feet 2 inches apart. 

Number of Parts. Weight. Coat 
2510 sleepers and 

keys at 86 lbs. each = 95 4 3 18 at £3 ISs. £367 3 

2510 cotters . . . 11 23 „ 11 7 14 

1255 tie-bars . . . 11 4 26 „ 8 10 95 6 



6275 Tons 107 26 £460 2 

2510 keys 

8785 

This system of permanent way has been severely 
tested, and is now being extensively adopted. 

The annexed cuts represent a system patented by Mr. 
G. F. GrifiBn, of 19, Great George Street, Westminster, 
London. This patent has become the property of the 
Economic Permanent Way Company. The sleeper is 
of corrugated cast-iron, 28 to 30 inches by 16 to 18 
inches, according to the trafiBc to be served. This 
sleeper is rectangular in plan, and laid lengthwise under 
the rail. In section its upper portion resembles an 
ordinary chair enlarged, while the lower portion has a 
double or return flange, of which the horizontal mem- 
ber hears flat on the ballast, and the vertical member 
cuts into it. The sleepers are held to gauge by tie- 
bars, having return ends, no cotter being needed, and 
inserted immediately under, but not in contact with, the 
rail. 

According to the kind of traffic and the nature of the 
ballast, there may be two tie-bars, or only one, to each 
pair of sleepers, or only the alternate pairs of sleepers 
may be tied. As one or two ties are used, a difference 
arises in the chair portion of the sleeper. Where two 
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ties are used, they are laid in receases towards the ends 

Section at kb, 
aifh fVood- I Hidhy. 








of the sleeper, the return of the tie resting in a slot ii 
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the casting. The rail being then put in place over the 
ties, these cannot be removed without first taking out 
the rail. This is the method chiefly used for foreign rail- 
ways^ where simplicity, facility of laying and repair, and 
security are paramount considerations. The outer jaw 
of the chair portion is the full length of the sleeper, the 
inner jaw about one-third the length, and is in the middle. 
The rail is held against the outer jaw by a key of either 
iron or wood driven between it and the inner jaw, being 
suspended by the upper table, the lower lying free. 
The ordinary practice of keying is thus reversed, and 
done on the inside, instead of the outside of the track. 

There are three obvious advantages in the general 
arrangement : — 

1. The effect of the narrow gripe of the common 
chair in straining the fibre of the rail is converted, by 
the elongav^on of the outer jaw, into a modified yet 
firm hold on the rail over a length of 28 inches. 

2. The outer portion of the sleeper acts through its 
whole length as an abutment against the impacts and 
thrust of the passing load, giving direct support to the 
rail in that sense. 

3. The inner jaw being about 9 inches long, sufficient 
hold is given at the joints without fishing, where under 
light traffic that may be dispensed with, or without a 
special joint sleeper being required. 

On foreign lines the iron key is used, having a mani- 
fest advantage over the wooden key, which in hot 
weather and in hot climates is so liable to fall out from 
contraction. The iron key is indented similarly to 
that used in Messrs. Livesey and Edwards^s system. 
Increased stability is given in Mr. Griffin's system 
by the rail being buried, as it were, in the sleeper. 
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and thus brought as near as possible to the base of the 
track. 

With wooden cross-sleepers there is a tendency to 
work the ballast forward from underneath in the direc- 
tion of the running trains. Hence the necessity for 
constant lifting and packing. But the operation of the 
double flange obviates this — the vertical member acting 
against any lateral, and the horizontal against any 
vertical motion. The proof of this lies in the fact of its 
having been traversed daily during the last eight years by 
heavy trains, running at 40 miles an hour on the Great 
Northern. 

Taking five sleepers of 30 inches by 18 inches in the 
base to each 21 -feet rail, there is a total base equal to a 
continuous bearing of 11 inches wide. Again, of the whole 
21 feet, 12|^ feet are actually supported, the unsupported 
spaces being only 20 inches long. Or, representing it in 
another form, the bearing surface per foot of track for- 
ward is equal to 257 square inches. Now, in a first- 
class wooden cross-sleeper road, heavily timbered with 
nine sleepers to a 22-feet rail, like the London, Chatham, 
and Dover, there is an actual support of only 39i inches 
(4 1 at each chair) in 22 feet, or only one-fourth the sup- 
port given by Mr. Griffin^s chair-sleeper. As four times 
the support is given to the rail that is afi'orded by the 
highest class of the ordinary method, reducing to a mini- 
mum the destructive concussions on the rail, a great re- 
duction in the weight of the rail is therefore attainable. 
This is important in view of the large sections that are 
required in most other systems by the exigencies of an 
enormous traffic. A special double-headed rail is being 
introduced for use with this sleeper, in which the heads 
are brought close together by reducing the depth of the 
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web, and called on this account ^Hhe dumpy rail/^ Whilst 
having the same wearing surface as an ordinary 82-lb. 
rail, its weight is only 62 lbs. The height of the dumpy 
rail is only 4 inches, the thickness of the web being 
five-eighths of an inch. 

By comparing a first-class wooden cross-sleeper road 
with a first-class road on this system, there is a saving 
of about 7,400 pieces per mile single line ; on a second- 
class road, a saving of about 15,000 pieces in favour of 
the latter. In the total weight per mile single line 
there is a saving of about 40 tons in favour of Mr. 
Griffin^s system. It is found by actual experience that 
the cost of maintenance of way of this system is only 
about half that of the ordinary track. These direct and 
incidental advantages of efficiency and economic main- 
tenance would be worth purchasing at even an increased 
first cost; but in this respect also there is a saving of 
about £300 per mile of first-class single line. 



DIVISION Til. 
STATIONS. 

The simple and economical character of the stations 
f;eneral]y on the Continent and in America, are especially 
deserving of imitation, as structures which can at all times 
be enlarged, extended, altered, or rebuilt, without inter- 
ruption to the traffic, and the ultimate dimensions and 
appliances of wliich cannot, in many cases, be determined 
until after the line has been for some time in operation. 

The general character and appearance of the Continental 
stations, will be understood by reference to the accompany- 
ing sketches of the Taunus Railway. 
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111 signals and telegraphs there is little to be observed. 
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except tliat a preference appears due to the subtetranean 
principle of conducting the wires, previously coated with 
gutta perclia, in cast iron or other pipes over the plan in 
more general use: — the great objection of derangement from 
the electricity of the earth having been removed by the nse 
of the double and oppositely charged needles on the same 
bearing. The Prussian telegraph system is of this descrip- 
tion, and is found to work effeclually. 




StatioD at CumL 



The basis of the signal system is simple. The three 
positions of a telegi-apliic arm by day, and the three colours 
of a lamp by night, comprehend the alphabet and vocabu- 
lary of ordinary practice. The diagram shows the dis- 
tinction. 

The horizontal arm, or the red light, intimates danger, 
and the necessary stoppage of the train. 
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The intermediate position of the arm, or the green light, 
enjoins caution, and a diminished speed. 




^ 

i^ 



The dependent or vertical arm, or the white light, im- 
plies that no obstruction exists, and that the train may 
proceed. 

The cost of coke must depend materially upon the faci- 
lities which are available for the supply, either from collieries 
in the country, or by import. In the latter case, the 
expense will of necessity be heavy. In the former, it will 
diminish in proportion to the proximity of the coal works 
to the Railway. When a line passes through or near a coal 
district, it will be desirable to build the coke ovens upon 
the spot. Arrangements for this purpose may be made 
with the coal owners to burn and supply the coke at a 
station on the line, or the ovens may be erected by the 
consumers, but the site should be selected where the carriage 
will add but little to the cost. 
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The form and principles of construction of the most 
improved descriptions of coke ovens are shown in the 
accompanying diagrams ; — 
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The dimensions of the coke ovens, their charges, and the 
time allowed for burning, vary upon all lines. 

The usual charges are about 4 tons of coal, and drawn 
after 48 hours ; but ovens have been constructed for 7 and 
8 ton charges, andihe time extended to 72 and 96 hours. 
By longer burning, the coke becomes harder, and is pre- 
ferable for some engines. 

The yield averages of good coke about two-thirds of the 
weight of coal. 

The diagrams show the largest sized ovens calculated for 
8 ton charges, and with the flues upon the most improved 
construction. 




The annexed wood-cats Bhow the land lots adjoining the 
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lilway, and the direction of roads which converge at 2 
les distance along the line. 

The letters indicate the eight divisions of 80 acres con- 
ned in each square mile. 



le 



of- 




\A 







c \ 



E 



Ey 



G 



10 



15 



20 



25 80 miles. 



B 



B/I\A 



D 



D 



C\ 



^.,P 



P 



E 



H 



/Q 



^ 



fi 



D 



\P 



HV 



B/i\A 



B 



,''D 



c\! 



B/ 

■7^ 



?f 



Rails. 



/d 



E i \ P ' i «/ 

4 



H 



O 






li 



2i 



3 miles. 



The above is the illustration of a principle which will 
ually apply, whatever variation may be occasioned by 
•al circumstances in any or all of the details, as the 
1 tills will bear direct relation to the original outlay for 
rchase, improvement, government, rent, and superiu- 
ideuce. 
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APPARATUS FOR WORKING RAILWAY 
SIGNALS, POINTS, AND SWITCHES. 



During the last few years, and particularly during the 
present year, very great improvements have been made 
in the method of working signals and points. In 1859 
a patent was granted to Mr. James J. Stevens, of 
London, for " Improvements in Railway Signal Appa- 
ratuses.^^ Mr. Stevens^s improvements are thus de- 
scribed in his specification : — 

" My present invention refers to improvements upon, 
and additions to, railway semaphore apparatuses, for 
which letters patent were previously granted to me. 
Instead of forming the upright semaphore pillars 
of wood, and of fixing a ladder to them for the 
purpose of carrying up the signal-lamps, &c., I con- 
structed them wholly or partially of iron, whereby 
they will be more durable, and form in or upon the 
pillars a V-^'^-il or tongue. I connect or place the 
signal lanterns upon a carriage or slide, the back of 
which is provided with grooves, to tit in and travel 
along the V-^o^^g^G, and I hoist the carriage and 
lanterns by means of a chain carried over a pulley in 
the upper part of the pillar, and a windlass fitted to the 
pillar at a convenient height from the ground. 

" Another part of my invention consists in means of, 
and apparatuses for, compensating for the expansion 
and contraction in the wires used to work signals at a 
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distance. The pull-over lever to actuate the signal is 
attached to a wheel with two grooves ; the signal wire 
is secured to the wheel and one groove ; while a chain 
or rope is secured to the other groove, and is carried 
up over a roller or pulley in the top end of the lever, 
and secured to a weight free to travel up and down the 
lever. The face of the lever is cut with ratchet-teeth 
directed downwards, and the weight is furnished with 
similar teeth set upwards. As long as the lever is at 
rest, the weight is free to move both upwards and 
downwards, but upon its being inclined to move the 
signal, the teeth on the weight become engaged in 
those in the lever, and a firm pull is insured. Where 
the ordinary levers are desired to be retained, then I 
fit a modification of my toothed lever and compensating 
weight arrangement of apparatus at some point between 
the ordinary lever and the signal. Another means of 
obviating the inconvenience arising from the contrac- 
tion or expansion of the wires consists in connecting a 
chain to the signal wire, and in passing the chain with 
a weight suspended through a windlass or barrel, with 
an aperture for the chain to pass through. On turning 
the barrel round, a pull is insured, whatever may have 
been the expansion or contraction in the signal wire or 
rope. 

" For signals to be worked by passing trains, I fit a 
guard or shield-plate outside of the rail, and so close to 
it as to be pushed outwards by the flange on the 
wheels. To this guard is affixed one end of a rod, the 
opposite end of which is thinned off, and which, when 
the apparatus is at rest, engages in a nick in a wheel, 
to which a weight and signal wire or rope are attached. 

On the passing of a train, the inner end of the rod is 

g2 
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disengaged from the .nick in the wheel, which, under 
the influence of the weight, causes the required signal 
to be made. An incline on the side of the signal wheel 
pushes out the rod after being disengaged from the 
nick, and drives the guard clear of the flanges of all 
the remaining wheels after being acted on by the first. 
A spring or weight draws the rod inwards after the 
passing of the train, and on the weight being pulled up, 
and the nick in the signal wheel being brought oppo- 
site the rod, it becomes again engaged, and ready to 
act as before.^ ^ 

In 1862 Mr. Stevens obtained another patent for 
^' Improvements in Point Indicators for Railways.^' 
These improvements are thus described in the specifica- 
tion : — 

" My invention is intended to indicate to the person 
in charge of the working of the points, when such 
points are at a distance from him, the proper action 
or otherwise of the points he desires to work. 

^' For this purpose I erect at the side of, or opposite 
to, the points a pillar, on the upper part of which there 
is a diaphragm of any desired shape divided into two 
parts, capable of being separated and of being brought 
close together. I make, by preference, the lower part 
of the disc movable, while the upper part is stationary. 
By a chain or bar I connect the movable part to a 
wheel or pulley at the bottom or lower part of the 
pillar, and to this wheel I also connect a rod attached 
to the ' fly ^ rail. The point is worked by the attendant 
through chains, wires, or rods, by means of a pull-over 
lever in the ordinary manner, and upon the fly-rail being 
brought in contact with the main-rail, the parts of the 
iisc are separated or are closed, according to the 
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manner in which the indicator is set to act. The 
attendant has thus indicated to him that the points 
have acted in the manner he desired, or that they have 
not so acted, when he takes measures accordingly. In 
order to render this a night as well as a day indicator. 
I erect at the back of the disc a lamp with coloured 
glasses, which may be made, by showing a different 
colour or by not showing any light at all, to indicate 
that the points have acted properly, or the reverse. In 
some cases I make my indicator double ; that is to say, 
I cause it to face both to the attendant and to the 
driver of the train, and thus indicate to both parties in 
opposite directions at the same time. Although I have 
only described the diaphragm as divided into two parts, 
it will be readily understood it may be separated into 
three or more parts. '^ 

Mr. Stevens's system of working signals and points is 
used on many of the lines in Great Britain. It is also 
extensively used on the Indian railways, and has been 
found to answer well its purpose. 

Messrs. Saxby and Farmer, of Kilburn, Lon- 
don, have obtained various patents at different times 
for improvements in apparatus for working railway 
signals, points, and switches. The last patent ob- 
tained by them was sealed on the 20th of August, 
1867, and embodies all their improvements. The 
following is the substance of their specification : — 

" This invention relates to improvements in apparatus 
for governing the movement of switches and points 
and signals, and signal apparatus used in connection 
therewith, as also in the mode of working such appa- 
ratus together, and of working the station, distant, 
and repeating signals in combination with, and in rela- 
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tion to, each other, and to the points and switches, for 
the purpose of locking and unlocking, and governing 
the traffic upon railways, particularly at junctions and 
termini. 

"The first arrangement consists in combining together 
vibrating bars moving longitudinally, and pivoted on 
centres suitably disposed, according to the effect they 
are intended to produce, and longitudinal sliding plates, 
whereby the capabilities of regulating points and 
signals are increased. 

^^ Another modification consists in combining longi- 
tudinally sliding bars with vibrating bars by means of 
an intermediate lever arm, as also by acting either 
directly or through a bell crank upon the sliding bar. 
Another arrangement is for effecting a direct point and 
point and signal -locking action between the hand levers 
and longitudinally sliding bars mounted and worked on 
either edge ; this arrangement also admits of the inter- 
locking of signals by a point or points, and a point or 
points by and with signals. 

" For rendering compact the apparatus for locking and 
general management of points and signals in combina- 
tion with, and in relation to, each other, we use a 
circular locking plate instead of the elongated one here- 
tofore employed ; and we apply and adapt these circular 
plates or discs (or they may be drums) in the following 
manner : — Upon one end of a spindle or shaft we fix 
the circular locking plate, whilst at the other end a 
lever handle is keyed on, or otherwise, and we place 
the spindle vertically in a cylindrical pedestal of such 
height as to be easily commanded, and permit of the 
lever handle being worked by the operator ; this lever 
handle is to work the points, with which the vertical 
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spindle may be connected at its lower end by a crank or 
lever, or equivalent, and the horizontal rotation of 
handle lever, with the vertical spindle and disc locking 
plate at the lower end thereof, is simultaneous with the 
movement of the points ; and by means of a series of 
holes or slots in the disc, or of grooves in the drum, 
the bolts or tail ends of the signal levers, or the parts 
corresponding thereto, are received thereinto when the 
signals are in such relation to the points and the posi- 
tion of the circular locking plate as will permit of their 
entering into, and so locking securely the point handle 
and points when the same should be locked. These 
signal levers may be placed in any convenient manner 
around the case or pedestal. In like manner additional 
locking plates, point levers, and their connections for 
working the points, may be added within the same 
pedestal, which by preference we construct of cast-iron. 

^^ The second part of our invention is for reducing the 
friction produced in working the levers of our signalling 
apparatus. We construct the signal and point levers 
of such apparatus with rollers placed at the back and 
front edge thereof, of a diameter slightly in excess of 
the thickness of the lever, by which the points of con- 
tact between the hand lever and the bevelled locking 
plate, or vibrating bars, are converted from a scraping 
action into a rolling contact. These rollers are made 
sufficiently long to take the whole of the locking system 
of bars or levers in their height, or they may be only 
so long as to command the ' working lock ^ whilst 
performing the portion of the circle through which the 
lever handle is moved. 

" Instead of employing lever bars of a parallelogram 
section with square edges as heretofore, we form our 
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levers and handles for points and signals of an elliptic 
section^ so that there are no square edges or angles^ and 
the rubbing surfaces are thereby reduced to a minimum ; 
and these levers may also be applied to other kinds of 
railway signal and point-locking apparatus. 

^' Apparatus for working distant signals, and for veri- 
fying the state of distant signals which are generally 
out of the view of the station signalman, — For this 
purpose repeaters are employed. Instead of employing 
a lever arm and apparatus to which the signal wire is 
attached, &c., we construct a self-contained and com- 
plete apparatus, consisting of a wire wheel or pulley 
in combination with a cam, or equivalents, mounted 
upon a fixed stud or pin, which is intended to be bolted 
to the side of the signal post. The action of this appa- 
ratus is as follows : — The cam to which the pulling wire 
or chain is connected turns loosely on a common stud, 
the pulling wire being attached to a convenient part of 
its periphery ; upon the edge of this cam a lever carry- 
ing a friction roller works, and this lever is fitted to 
the lower end of the ^ semaphore ^ rod, to which also 
is attached the means of working the arm and signal 
lamp. When this cam is turned partially round the 
signal will go to ^caution' or ^all right,' and the 
wire can be pulled after the signal has done its work in 
a similar way. When the lever handle is put back, and 
the signal goes to Manger,' the counterweight being 
attached to the periphery of the pulley working loose 
on the common stud or pin, then, for the purpose of 
insuring that the signals (^ semaphore ' and ' lamp ') 
shall be brought to danger as their normal condition, 
the pulley has projecting from its outer face a rim, 
within which the head of the pin or roller upon the 
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lever is caused to travel, so that it shall be held within, 
and retained for any extent of the periphery, and so 
that the 'semaphore' and lamp signals cannot be con- 
tradictory to the cam, which represents the signal appa- 
ratus of the state of the railway at any given time. 

" For the working of the repeater signal, which is in 
view of the man charged with working the trafl&c, we 
employ a similar arrangement to that just described, 
except that the pulley to which the wire is fastened is 
not fixed to the cam, but has a limited freedom of 
rotation, regulated by a pin on the one working into a 
circular groove or slot in the other, by which the dis- 
tant signal is first acted upon in lowering the signal, 
and must likewise go first to danger. The main advan- 
tages of this are, that the distant and repeating signals 
can be efficiently worked by one wire instead of two as 
heretofore. 

"'For more securely working the signals in combina- 
tion, so as to avoid any confliction between one signal 
and another, or the signals and points, and to prevent 
the mischiefs which arise from conflicting signals, when 
two or more signalmen are working traffic jointly at 
different points or portions of a series of junctions, 
stations, or intersections of lines, consist, first, in fit- 
ting to the lower end of the signal rod a ' slot ' or 
link, to contain two or more levers, to be acted upon 
by wires connected with the apparatus at the points- 
man^s and signalman's boxes, the levers or arms being 
weighted, so as to maintain the signal at ' danger,' and 
the proper coloured glass in front of the lamp. The 
several levers being contained within, or passing 
through, the same slot or link, they must all be acted 
upon before the signal is free to assume the position 
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representing ^all right/ or ^caution/ and a corre- 
sponding result is attained when it is desired to put the 
signal to ' danger ' in an inverse mode, as in this case, 
upon the first signalman operating upon the lever con- 
nected with and working in the slot or link moving it 
for that purpose, the signal immediately assumes the 
position ' danger/ irrespective of any other signalman 
who may have his lever in the position of ^ caution ' 
or ' all right/ '' 

Messrs. Saxby and Farmer^s apparatus is extensively 
used throughout the United Kingdom and the conti- 
nent of Europe. 

Messrs. Livesey and Edwards, of Victoria Chambers, 
Westminster, London, have obtained patents for im- 
provements in signal and switch apparatus for railways. 
Their improvements are thus described in their specifi- 
cation : — 

" Our invention relates to improved back -lock applied 
to what is known as signal-locking apparatus; this 
back-lock is fixed to the quadrant bars, and is connected 
to the levers which are required to actuate it ; this lock 
is made to rise in front of a projecting stop on the 
lever, thus preventing the lever being moved back. 

^^To a method of locking signals and switches by 
means of a bar fixed under the rail or switch ; to the 
bar a stop is fixed, which is made to lock the switch 
when the semaphore signal to which it is connected 
is actuated, and thus prevents the signal being given 
unless the switches or points are in their true position. 

" By a further arrangement, we cause the train to 
lock the switches or points while it is passing over, 
so as to prevent the signalman moving the points during 
*'he passing of the train. 
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'' To a method of counteracting expansion of signal- 
cords or point-rods ; to the connections of the points 
and signals we attach suitable compensating springs, so 
that the points shall always be firmly closed and the 
signals in their true position. 

" To an improved distant signal, which is so formed 
that passing trains are made to actuate suitable con- 
nections, which permit the signal to return to the 
'danger^ position, should the signalman omit to do his 
duty. Also to signal-posts made of iron, and so con- 
structed that they may be, when necessary, transported 
in separate lengths, and built up at their destination ; 
these posts are formed of metal plates, coiled in the 
form of an elongated volute, or of tubes of cast or 
wrought iron jointed in any suitable manner.^^ 

Messrs. Livesey and Edwards's system of working 
signals, points, &c., both for simplicity and efficiency, 
presents many advantages over any other system in 
use. Captain Tyler, E/.E., Government Inspector of 
Railways, in his report of an accident which occurred 
on the 11th of July, 1867, on the London, Chatham, 
and Dover Railway, where Messrs. Saxby and Far- 
mer's locking apparatus was used, states that ^'a 
day or two before the occurrence of this accident I 
visited the Dalston Junction of the North London 
Railway, to see an invention which had been applied 
by Mr. Edwards, for the special purpose of preventing 
an accident of this character." Captain Tyler goes 
on to say : — " This invention (Messrs. Livesey and 
Edwards's) is worthy of careful consideration, with a 
view to diminishing the dangers, so well known, in the 
use of facing points." 



DIVISION vni. 

PERMANENT WAY. 



CHAPTER. I. 

The cost of maintaining the permanent way, and of main- 
taining and working the trains, was about one-half as much 
on English as on American lines, and the economy of 
the former was due chiefly to smoother and more permanent 
road, bed, and superstructure. The excessive first cost of 
the British railway system was shown to consist chiefly in 
land and parliamentary expenses ; in tunnels, bridges, 
viaducts, and stations, far exceeding in magnitude and 
cost the actual requirement of, at least, American lines, 
and in other items which do not contribute to the econo- 
mical movement of trains. The simple '^ track'' of a 
first-class English line was found to have cost about £300 
per mile more than that of an ordinary American line, at 
the respective prices of materials and labour in the two 
countries. The American system, in virtue of its cheap- 
ness, has developed a considerable extent of country, which 
might not at this time have been opened to commerce had 
the expense of constructing an English system of railways 
been the sole condition of that development. On the other 
hand, the most poorly and cheaply constructed railways 
have not only required a constant expense for maintenance, 
which has sometimes consumed their entire earnings, but 
they have constantly depreciated to such extent as to pre- 
cipitate ruin. Without referring to extreme cases, it is 
sufficient to mention that by this time it is well understood 
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— 1st, that the original cost may so magnify the capital 
account, that the profits, however small the working 
expenses may be, will yield but a meagre dividend ; 
2ndly, that the working expenses of a cheaply constructed 
line may so much reduce the same gross amount of earn- 
ings as to leave an equally smaU per-centage of profits to 
the shareholders.* In 1855, when many of the railways 
of the State of New York were comparatively new, the 
repairs of permanent way amounted to 6*75 per cent, of 
its cost ; and of equipment, to 14 per cent, of its cost, not 
to speak of depreciation. Facts clearly show that there 
must be for general purposes a system of railway construction, 
intermediate in excellence and cost between what are known 
as the European and the American systems ; a combination, 
or, it may be, various different combinations of improvements 
and adaptations, which will decrease working expenses in a 
greater ratio than they can possibly increase first cost. 

Such are the outlines of the problem which is at this 
time in the process of solution, and it would be as absurd to 
attempt a definite specification of the best permanent way 
until the problem is more nearly worked out by the general 
practice, as it would be to conclude that no improvement 
should be attempted in default of such a specification. 
While the financial condition, the credit, the traffic, the 
necessity of using what funds can be at present raised, in 
completing connections and perfecting business arrange- 
ments and other important considerations, must to a con- 
siderable extent decide the amount and the rapidity of the 
physical improvement of railways, it is at the same time 
perfectly clear that a moderate amount of ballast, better 

* Not so with the Utica and Syracuse railroad, producing to the 
shareholders a good dividend whilst in progress of completion, but pay- 
ing also current expenses of permanency in construction. — "Ensamplea 
of RaUway," 8vo, 1843 : London. 
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drainage, better rail, and some system of joint-fastenings, 
at least, are imperatively demanded in all cases. It will 
further appear that the most durable structures are not 
always the most expensive. Rails, for instance, of excessive 
weight and poor material, cost more per mile, although less 
per ton, than lighter rails of better material, which will last 
longer.^ 

EARTHWORK, DRAINAGE, AND BALLAST.f 

The earthwork is the foundation and support of the 
whole superstructure, and as such must be uniformly firm. 
English and Continental engineers seek this condition by 
giving much care to the material, preparation, form and 
drainage of earthwork. As no excellence of superstructure 
can compensate for the evils of insufficient earthwork, or 
those occasioned by standing or running water, or by frost; 
foreign engineers allow very liberal widths of formation level, 
easy slopes, and ample ballast, while they provide the most 
thorough arrangements for the removal and exclusion of water. 

Formation level, — The width of earthwork of double 
lines of roads of ordinary gauge is generally 83 feet in 
cutting and embankment. The earthwork of New York 
railway of the same gauge, is reported to the State railroad 
commissioners as follows : Average width for single lines, in 
cuttings 18 feet; banks 13 feet; for double lines, in cut- 
tings 31 feet; banks 26*7. The extremes being in cut- 
tings 25 and 40; banks 23 and 80, the width of road- 
bed may be taken as the measure of the comparative 
stability of the different lines. A serious defect in the 
construction of most American railways is the want of 
sufficient bearing surface of the sleepers. The English lines 

• " American and European Railway Practice,** by A. L. HoUey, 4to, 
New York, 1861. t Idem. 
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have generally 6 feet to 6 feet 6 inches between the two lines 
of double track, leaving from 7 feet to 8 feet 6 inches for 
the side spaces. The width of the side spaces leaves 
room for a shelf between the edge of the ballast and the 
ditch, so that any wash from the surface of the road-bed is 
prevented from passing into and choking the ditches; a 
similar level space is usually left in cuttings between the 
outside of the ditch, and the foot of the slopes themselves, 
to catch the wash from the upper surfaces. The same 
feature has been applied to a few American lines in cases of 
extreme necessity, as in some of the deep cuttings on the 
New York and Erie railway. In France it was formerly 
the practice to make very narrow earthwork, but to secure 
its stability by artificial protections. Thus, in cuttings, the 
road-bed at formation level would be perhaps 20 or 22, feet 
for double track, the two lines being from 4^ to 5i feet 
apart, and the ballast being held between two dwarf walls, 
which also formed the insides of the ditches. The ditches 
being stoned on both sides, took very little space for width. 
The slopes would be a rough pavement, these abutting 
below against the outer wall of the ditch, with occasional 
arches thrown across against the side of the road-bed for 
strength. The present standard widths of earthwork for 
the new double lines of roads of 4 feet 8^ inches gauge in 
France may be taken as follows : 

Width between side drains , . . . 30 ft. 10 ins. (9m. 40c.) 

„ of ballast 27 „ 6f „ (8m. 40c.) 

„ between centres of inner rails 6 „ 6} „ (2m.) 

„ of ditches at top 4 „ 11 ,, (Im. 50c.) 

„ „ bottom .... 1 „ 7| „ (60c.) 

Depth of ballast 1 „ 7| „ (60c.) 

„ ditches below top of ballast 3 „ 3| |, (Im.) 

Slopes. — ^The transverse slopes of English railway earth- 
work are of variable angles, according to the nature of the 
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soil and the height of the slope. They average much 
flatter, however, than on American lines. The following 
may be taken as approximate allowances for the former : 



Gravel, sand, or common earth, cuts or banks 

of less than 4 feet 1 base to 

Clay, cuts or banks of less than 4 feet , . 2 
Earth, of mixed sand and clay, cuts or banks 

of 4 to 15 feet li 

Pure gravel or sand, cuts or banks of 4 to 15 

feet 2 

Clay, in banks of 4 to 15 feet . ... 2 

Stratified clay and sand, cuttings of 4 to 15 feet 3 „ 

Broken rock, in banks over 15 feet high . IJ „ 
Earth of mixed sand and clay, cuts or banks 

over 15 feet high 2 

Pure gravel or sand, cuts or banks over 16 

feet high 2 

Clay, cuts or banks over 15 feet high . . 3 

Stratified clay, in cuttings over 15 feet high 3 to 4 
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Cases exist of steeper slopes than those named above, 
while others are found where even flatter slopes are 
adopted. On the Newcastle and Carlisle railway, for 
62 miles, all the slopes of IJ to 1 — a remarkable cutting 
through Corvran Hill, on that line — are 110 feet deep 
through sand, interspersed occasionally with thin seams of 
clay, and the slopes have stood well for many years. Cut- 
tings on the Birmingham and Gloucester line, 50 feet deep 
in pure gravel, have stood well at 1 to 1, and on the same 
line is a cutting 86 feet deep, with a spoil bank on top 
of 24 feet, making a total depth of 110 feet in gravel and 
sand which has stood at 1 J to 1. On the other hand, a 
slope of 2 to 1 is adopted on many lines for even the 
shallowest cuttings in good material. Clay, which has stood 
well at 2 to 1, has often slipped at 6 to 1. In cases, how- 
ever, of steep slopes, the bottom is often supported by a 
low retaining wall, or revetement of stone or earth. 

Wliile varying the angle of the slopes, to meet economi- 
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cal considerations, it is extremely important to take into 
account the direction of the strata, the direction of the line, 
circumstances of moisture, &c. In stratified soils, the slope 
would be made flatter than in homogeneous earth. Alter- 
nate strata of clay and sand are notoriously treacherous; the 
same earths mixed are much better. Separate strata will not 
absorb water and swell equally; any comparatively impervious 
seam, like clay, will confine the saturation to perhaps a single 
stratum. This swells and moves forward to the face of the 
slope, the movement being on the surface of the stratum 
below, which thus serves as a floor. After -this movement 
between strata has once commenced, the slope is permanently 
weakened, and requires close attention. In inclined strata 
one slope would be naturally made flatter than the other. 
In a curve, the convex slope, being less self-supporting, 
should be flatter than the concave slope, unless other cir- 
cumstances interfered. This is also to afl*ord a better view 
to the engineman. In cuttings, the southern slope, by 
being made flatter, better admits the sun to the road-bed. 
Deep cuttings are made generally with flatter slopes than 
those of banks of the same height. This is to admit the 
sun and air, because the slopes of cuttings are less solidified 
than those of banks, and because the wash from cuttings 
gives more trouble in the ditches. On the other hand, 
embankments, although made of the best material, are 
sometimes based on a failing foundation. This subsiding, 
the ground would be forced upwards on one or both sides 
of the bank. Instead of adding fresh material from the 
top, which would probably aggravate the difficulty, besides 
being itself likely to slip ofp, a terrace of earth is sometimes 
built out over the swell, which is thus confined by pressure. 
The llanwell embankment of the Great Western line once 
broke through the covering of a clay stratum beneath. The 
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swollen ground, as forced up on one side of the embank- 
ment, extended for 400 feet, with a width of 80 feet, a 
height of nearly 10 feet, and had been removed horizontally, 
by the sinking of the bank, for about 15 feet. Had this 
embankment been made originally with flatter slopes (its 
height was 54 feet), the extension of base, by distributing 
the weight over a greater area, would have saved the 
failure. As it was, this extensive work actually absorbed 
more material in its repair than in its original construction. 

The face of a slojie is strongest when curved so as to be 
flattest at the base, where the pressure is greatest. This 
approaches the analogy of nature, and is approximated in 
all earthwork, by the effects of time in gradually settling 
and washing down the slopes. This form is occasionally 
given in English railway earthwork. . In districts where 
stone is abundant, embankments and excavations have been 
extensively faced with that material. There is no con- 
siderable saving of earthwork by facing embankments in 
that manner, although the retaining walls in cuttings do 
save a large quantity of excavation. High retaining walls, 
however, are not always permanent, unless made so by 
expensive supports, as by inverted arches at bottom, or by 
cross braces over the track. 

Time is an unerring test of the slopes of railway earth- 
works. Whereas, in ordinary canal or roadwork, slips 
seldom occur after a year or two from the first opening, 
railway earthwork, unless correctly sloped at first, is liable 
to slips for many years, or until the slopes become suffi- 
ciently flattened. This has been the experience in England, 
and hence isolated cases of steep slopes of the earthworks 
of a few English railways should not be forced to stand as 
sufficient precedents for steep slopes.* 

* .The Baltimore and Ohio Railway, which is doubtless well sloped, 
as American roads go, is charged for 1857 with $34,293 for ''watching 
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The vibration caused by the passage of fast trains is con- 
siderable, and has a disturbing eflPect on earthwork. It has 
been detected, in England, in some cases at IJ mile from 
the railway. Near the astronomical observatories, the dis- 
turbance has sensibly affected the instruments, at the dis- 
tance of one mile from the passing train. The blows of a 
pile engine, in driving piles in some kinds of ground, are 
sufficient to unsettle the foundations of contiguous build- 
ings. This was the case at Lincoln, on the Great Northern 
line, where the station was supported by iron screw-piles in 
order to avoid this danger. This vibration must be an 
important cause of the failure of earthworks, so many years 
after the opening of a line of railway. In canal work, 
even, slips have been know to occur from the vibration 
caused by the sudden and careless closing of the lock- 
gates, the earthwork being of course already in a condition 
to slip easily upon any disturbance. 

While the slopes are flatter on English lines, they are 
also protected by grassing, and are better drained than is 
usual in America ; thus doubly increasing the durability of 
the former. In forming embankments, the turfs, occupying 
the intended base of the work, are removed to a depth of 
six inches, and placed aside for sodding down the slopes' of 
the work when finished. So in excavating cuttings, the 
turfs, for a depth of 12 inches, are similarly reserved and 
applied. Where the turf is not available or suitable, the 
slopes are sown with mixed rye-grass seed and clover. 

The slopes of many of the cuttings of English railways 
are extensively cultivated by the employees in the raising 

cuts," while for surfacing, ditching, and removing and repairing slipg; 
DO less than $55,203 were expended — the whole expenaes of mainte- 
nance and repairs of road being $581,979. The amount for watching 
cuts, and for ditching and repairing the effects of wash and slips, was 
over $235 per mile, or one-half as much as the entire cost of " mainte* 
nance of way " on some English lines. 
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of vegetables ; the privilege being let out by the companies 
at a fixed yearly rent. It has been recently proposed to 
introduce the vine upon railway slopes having a Southern 
or Eastern exposure"**" — the inclination and character of the 
soil being 'peculiarly favourable to its growth. This plan 
certainly deserves a thorough trial in the wine-growing 
regions of the South-western United States. Cultivation 
binds the surface of the slope, promoting drainage and pre- 
venting washing, slips, and the discharge of dust. The 
protection of slopes by grassing requires that they be flat, 
as grass will not thrive on the ordinary steep slopes of 
American lines. The slopes of clay embankments have, in 
some cases, been burned to prevent slips. 

In what has been said of slopes, their inclination has not 
been referred to the '' angle of repose " of the material, as 
experience shows how many circumstances exist to render 
this insufficient. 

Retaining Works in Cuttings, — Retaining walls have 
been sometimes adopted to save excavation. They have 
been generally calculated to resist the pressure of the earth 
behind them, estimating that pressure, according to Prenyls 
law, as equal to the weight of a prism of earth slipping upon 
the face of the natural slope due to the character of the soil. 
But when the soil, by the collection of water behind the wall, 
becomes saturated, the pressure becomes due to the weight 
of the column of semi-fluid resting against the wall. Thus 
several instances have occurred where retaining walls, of 
great thickness and strength, have been moved bodily 
forward by the pressure of water at their backs. It has 
been necessary in some cases to brace these walls apart by 
heavy iron beams over the track, and at a height sufficient 
to clear the engines. It was at one time proposed, and the 

* In America. 
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plan has been partially adopted in a few eases, to build 
buttresses opposite each other, and at intervals along the op- 
posite faces of a perpendicular cutting. These buttresses 
were braced, each pair apart, by a reversed arch below the 
track and by a brick beam overhead — the beam being 
arched both on its upper and under sides. The interme- 
mediate faces of the cutting were supported by concave 
retaining walls abutting against the sides of the buttresses. 

Formation of Earthwork, — European engineers insist on 
a thorough construction of embankments, in which are 
generally included the following conditions ; 

The surface intended to be covered by banks is shaved 
clean of turf; not only to remove it for sodding the slopes 
but to obtain a fair bottom, free from vegetable matter^ on 
which to start the work. All stones, stumps^ brush, or 
other obstructions, which, by their disturbance of the in- 
tegrity of the bank, or by their decay, might cause sinking 
or slips, are thoroughly cleared. The culverts being in, are 
allowed ample time for the cement to set (most culverts on 
English lines are laid in cement) before the filling com- 
mences. 

Banks of very bad soils, like clay or loam, are sometimes 
raised in lifts or layers of 3 or 4 feet each — each layer 
being well rammed or settled, so as to be concave on top. 
This is an expensive mode. The best plan for the least cost 
is to carry out the bank in two parallel rows or ridges, 
forming together the fuU intended width, and to fill in the 
intermediate space by subsequent tipping. This, too, is 
largely practised for bad soil. 

Correct allowance is made for the settling of the material 
of the bank, and time is given for this settling to occur 
before the ballast is brought on, or the rails and sleepers 
laid. The shrinkage of earthwork sometimes disturbs the 
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grade at a rate of several feet rise or fall per mile; in 
nominal grades of 60 feet, on the New York and Erie road, 
a distance of 500 feet was found to rise at the rate of 75*4 
feet per mile, this distance being approached and succeeded 
by the regular grade of 60 feet. In another place, for the 
distance of 200 feet, the rise was found to be at the rate of 
116*7 per mile, with a level of 100 feet length, both above 
and below — the average grade over the whole mile being 
60 feet. These cases are similar to what occurs where rail- 
way earthwork is not properly settled before being brought 
into use. The shrinkage of earthwork is stated to be as the 
cube of the depth, hence the necessity of due provision in 
lofty banks. 

The embankments are generally carried out, at first, to 
the full intended width, and not exposed to slips by the 
subsequent addition of loose material, which does not unite 
with the original slope. Where additions become necessary 
for other tracks, the side of the bank is stepped, to give a 
hold for the material added. 

Where level crossings are employed, it is usual to 
pave between the lines of rails, and to some distance ou 
either side, to prevent the sinking of the track, abrasion of 
the iron, and straining of the fastenings, from the passage 
of heavy waggons. A still more important reason, is that 
the crossing is thus kept comparatively clean. 

In a^/ cases, during the formation of embankments, the 
greatest care is taken to exclude water, until the surfaces 
are finished, and the drains completed for the protection of 
the work. 

Drainage. — To no details of the road-bed is more atten- 
ion paid, by English and French engineers, than to those 
necessary for the removal of water. This is the great de- 
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stroking element in all earthy structures. "The history 
qjf all failures of earthworks shows the disasters con- 
sequent upon inadequate drainage,^' and it may be 
added, a large part of the continual heavy expense of 
maintenance of our lines can be traced directly to the same 
source. 

The action and effects of water, although daily exhibited, 
may be briefly recapitulated. Water, running on the sur- 
face, dissolves and washes the earth, soaking the road-bed 
and choking the ditches. When soaked, the road-bed loses 
its firmness and the ballast sinks irregularly. This displaces 
the track, thus increasing the resistance and adding greatly 
to the wear and tear of both track and machinery. Where 
the ballast sinks, many of the sleepers will be left clear and 
hanging by the rails. These, on the passage of a train, 
deflect deeply, thus opposing a heavy grade against the 
wheels. This is proved by the oozing of mud from under 
the ends of the sleepers in wet weather, and the dissipation 
of clouds of dust in dry seasons. 

Water, standing in contiguity to earthwork, is equally 
injurious. No matter what may be the height of an em- 
bankment of loam, sand, or clay, water, if in reach of it, 
will rise to the top, being carried by absorption, and will 
produce all the effects just stated. Water not only destroys 
the cohesion of the material of the road-bed, but swells its 
bulk. It is sure to displace the best laid track. 

In cuttings, water will thus convert the whole road-bed 
into mud. Whenever this dries in the sun it is partly 
dissipated in dust, while clayey soils will shrink and crack 
in every direction. The slopes, already worn into gullies by 
the action of running water, will also fill with dust. 

On the other hand, frost setting in just after a heavy 
rain, or while the road-bed is otherwise soaked from stand- 
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ing water, will heave the track irregularly and hold it there, 
as rigid as rock. No condition can be worse. When, in 
the following spring, the frost is coming out of the ground, 
and the road-bed is washed by the thaws from adjacent 
lands, the earthwork reaches its complete stage of satura- 
tion. Stratified soils will thus slip, if ever. 

In an economical view, the damage occasioned by water 
is far greater than the utmost cost of its removal. It does 
not need extreme conditions to produce the effects stated. 
Partial saturation, occasional washing of banks and mode- 
rate rigidity in winter, are all sufficient to disturb the track, 
although perhaps not to an inconvenient extent, and in such 
case the iron is more or less bruised, the fastenings strained, 
the chairs broken, the ties rotted, the resistance, and thereby 
the consumption of fuel increased, and the whole wear and 
tear greatly enhanced. An able authority says,* "Wherever 
water is known or suspected to exist, its immediate source 
should be traced and every ^possible means adopted for di- 
verting it from the slopes and adjacent surfaces.^^ 

Thorough drainage must provide for the immediate re- 
moval of falling water from the surfaces of the earthwork, 
it must cut off the communication of water from the tops 
of slopes and at a point at least three feet below the rails, 
and it must reduce the force and conduct away the dis- 
charge of descending currents on slopes. Drainage may, 
therefore, be considered under three heads : that of the 
road-bed, that of slopes, and the local surface drainage by 
ballast, which will be considered under the head of ballast. 

Drainage of Road-bed. — The side drains, on English 
lines, vary in width from 3 to 13 feet, according to the 
ground and the quantity of water to be passed, and are from 
3 to 6 feet deep below the level of the rails. These dimen- 

* The late Robert Stephenson. 
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sions are wholly dependent on circumstances, but these 
circumstances are carefully regarded in most cases. 

The formation level, as has been seen, is made suflBciently 
wide to give a good interval between the rail and the 
ditch — a level space being left between the bottom of 
the ballast and the edge of the ditch, on which any wash, 
carried from the road-bed, may rest without choking the 
drainage. A similar space is usually left outside of the 
ditch in cuttings. Much attention is paid to cutting the 
ditches straight, and at an equal distance from the track at 
all points in their length, so that whatever the road-bed 
may expand from water, the swelling shall be at least as 
equal as may be at all points. The inclination of the 
ditch is carefully attended to, so that they shall not 
serve as reservoirs for . stagnant water — the nearest 
outlets being sought into every neighbouring watercourse 
of sufficient extent and activity to support the required 
discharge. 

The culverts are located and their capacity determined 
upon the same considerations. As works of construction, 
they are generally of the most permanent character, built 
of brick or stone, laid in cement, and well settled before 
being covered in. No excellence of ballast can keep a 
road-bed dry except the surface is fully three feet above 
the reach of water ^"^ 

As every engineer knows, the portions of a track laid 
along low embankments are usually better than those in 
cuttings. In the latter where the drainage is likely to 

* One American line in particular, the Boston and Lowell, once fur- 
nished the best evidence of this. The second track was laid as follows: 

Ji, uniform trench 11 feet in width and 8 feet deep, was excavated 

and fiUed with clean gravel, the sleepers being bedded in this as baUast; 
this track heaved badly, and was only made smooth by subsequently 
openiug out ditches four feet below the rails, cutting off the water ; 
this track wa« afterwards the best part of the road. 
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be imperfect, the wear of rails and general distarbance of 
track, on roads in America, is found to be from one- 
fourth to one-half greater than on other portions ; yet the 
drainage is the only circumstance which can affect this 
result. 

In ordinarily level ground, the road-beds of English lines 
are raised so as to be well above the reach of water. In 
cuttings the track has more or less slope towards each end, 
both to reduce the quantity of excavation, and to keep the 
side ditches clear. Where, in cuttings, the grade rises 
steeply, the side ditches are generally lined with stone, 
both to save excavation and to prevent the ditch from 
washing. Such a ditch would be, say 33 inches deep, 
18 inches open at the top, paved with 3-inch flagging stone 
at the bottom, and laid up with walls of 12 to 15 inches 
thickness. 

On the London and North Western line, cross under- 
ground drains of circular and perforated tiles are used to a 
considerable extent, placed well below the ballast. In some 
of the deep chalk cuttings, the side drains are of large 
bricks running the whole length of cutting underground, 
with cesspools or eyes, at convenient distances, to take off 
the surface water. Semicircular half-brick open drains are 
used for the sides of some of the cuttings. ITie under- 
ground drains are sometimes made of semicircular bricks, 
perforated and based on 12 -inch square paving tiles as a 
bottom. In very wet cuttings, and in tumiels, covered 
drains are made under the middle of the road-bed. Some 
are oval, three feet in vertical diameter, and two feet wide, 
the bottom being from four to five feet below the surface 
of the ballast. 

The experience with sub-drainage, whether adopted in 
cuttings, or for clearing the slopes of railway earthworks, 
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or for rendering farm lands cultivable, has proved favour- 
able. A covered drain will draw more water than an open 
ditch of ten times the capacity. Sub-drainage is, doubtless, 
both cheaper and more efficient than the system of open 
ditches, and its occasional and successful adoption on certain 
English lines, should lead to its further introduction here. 
The drains should be sunk at least three feet below the 
surface, and pains should be taken to keep them clear. 
In many cases, marshes may be drained merely by tapping 
them below. With some geological knowledge of the for- 
mation of the valley or basin, it will often be found that an 
impervious substratum underlies the marsh, thereby con- 
taining the water as in a bowl. Where such is the case, 
and the porous strata beneath are not charged with water, 
that from the marsh above may be let into them by tapping 
through at the lowest places* In this way, marshy districts 
especially if at any considerable elevation above the sea, or 
above any of the great natural reservoirs of water, may be 
cheaply and effectually drained. 

Drainage of Slopes, — At the top of cuttings through 
ground which is level in transverse section, ditches are 
made on both sides> to prevent the surface water of the 
adjacent fields from washing down the slopes. These 
ditches are generally set well back from the edge of the 
cutting, so that the water shall not break through and 
cause shps. In cuttings in sideling ground, the top ditch 
is made on the upper side only. These crest ditches are 
earned out and have their outfall at the ends of the cuttings. 
The bottom ditches have only to receive the drainage of 
the slopes. The surface of the slope may be intersected by 
numerous shallow open drains (spade drains as they are 
called), running either straight down from the top to the 
bottom, or diagonally each way, so as to form a continual 

H 2 
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outline like W W on the face of the work. In studying 
surface drainage on the grand scale of nature, we never find 
flat slopes. In steep ground the watercourses are small 
and numerous, furrowing the surface at irregular distances 
in various directions. So in artificial ground, the analogy 
must be preserved, or else nature will enforce the discharge 
denied or obstructed by art, or in practical terms will wash 
gullies in the slopes. " Benches " on the faces of slopes 
are occasionally used to collect the water and wash from 
above, and retaining the latter, to let oflF the former with 
diminished force into the bottom ditches. Their principal 
use is in stratified ground, where they may follow the line 
of separation between two strata, the upper one of which 
may be liable to slip. It is believed that benches, however, 
by giving opportunities for the lodgment of water, often 
cause slips, and hence they are not very often employed in 
other railway earthwork. 

The slopes of embankments require occasional surface or 
spade drains for the descent of rain water, or that coming 
from thaws. They are generally provided also, on other 
railways with bottom drains. These not only prevent the 
base of the bank from being torn away by the water, but 
they prevent also the soaking of the bank by the standing 
water which might otherwise collect around it. The same 
shelf is left between the base of the bank and the ditch, as 
is left for the protection of other ditches. 

In embankments in sideling ground, where the bank 
serves as a dam for all the water from the rising ground 
above, instances can be pointed out on some American 
roads of culverts being opened through at a considerable 
distance above the bottom of the original drainage way. 
The water, thus confined, must either stand against the 
bank, or wash through on its old bed — thus washing out 
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the earth on the lower side of the embankment as well as 
loosening it on the upper, and at the same time saturating 
the whole. Wherever earthwork is soaked with water, the 
ballast and sleepers sink, throwing the track out of line and 
adding enormously to the resistance and wear and tear. 

In the deep cuttings of English railways-soften through 
clay soils — the thorough drainage of the slopes is a matter 
of the greatest consequence, as the ground is not only likely 
to slip, but the ditches would otherwise choke, and the 
road-bed be turned into mud. The soils intersected in- 
clude those of the worst description as regards drainage — 
peat, clay, mud, &c. In many cases, the soils being stra- 
tified with seams of clay, shale, sand, and shells, often of 
considerable dip, the tendency to slip is very great. In all 
cuttings in stratified soils, there is a continual agency at 
work to produce slips in this way. The soil when saturated 
with water, swells, and can only move laterally towards the 
unresisting opening of the cutting. Drying again, this 
ground cracks -, the fissures rapidly fill with dust or sand 
washed or blown in, another saturation thus produces ano- 
ther swell, with a further movement, until a fall or slip 
occurs. When the ground is usually fuU of water, certain 
clays or marl will become so soapy or greasy, as almost to 
destroy the friction between the strata, wliich, in inclined 
seams, is all that holds the upper soils in place. In some, 
the soil may so far dissolve as to run over in a semi-fluid 
state, thus undermining solid earth above. All these cases 
occur in different situations : the only security is to slope 
amply, and to thoroughly intersect the springs and water 
bearing seams or strata, by means of drains. 

The most prominent plans for draining the slopes of 
cuttings are, 1st, underground perforated earthen pipes of 
say 3-inch bore, the perforations being larger within than 
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without ; 2nd, gravel or other porous counterforts in the 
face of the slope ; and 3rd, dry wells or shafts, sunk per- 
pendicularly in the slopes, and drained by underground 
pipes. 

Conclusion as to Earthwork and Drainage. — In the con- 
struction of European and American railways, there iis more 
difference in respect of earthwork and drainage, than in any 
other particular. Observation and science alike show that 
in our earthwork (including its drainage), more than in any 
other single detail of our construction, are American rail- 
ways deficient. It is the weak point of the system. Who- 
ever is anxious to discover the reason why the average cost 
of maintenance of these lines are, in some cases, 150 per 
cent, greater for the same mileage, than that of the railways 
of England, may search hopefully for it in the condition of 
such road-beds. No engineer will deny it. 

To the solidity and thorough drainage of the earthwork 
of English railways must be attributed a large part of their 
economy of maintenance, and much of the economy of fuel 
with which they are run. The support being pirm, and the 
fastenings ample, the track remains smooth and the trains run 
quietly. American railways experience the opposite^ eflFects 
of insufficient earthworks and imperfect drainage, whereby 
the road-bed sinks unequally, the sleepers lose tbeir full 
bearing, the track is displaced, the fastenings strained, the 
rails subjected to excessive wear, while all the shocks react 
on the machinery, largely increasing both its wear and tear, 
and the consumption of fuel. And we have ample evidence 
that iron and sleepers have twice the life in British railways 
that they attain in America, that the repairs of road-bed are 
far less, while the consumption of fuel and repairs of rolling 
stock, for their mileage, are but about one-half the average 
in the United States. ^ 
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Ballast. — Materials. — A great variety of materials are 
used as ballast on English railways. These are broken 
stone, burned clay, cinder, sand, shells, broken bricks, and 
culm, or small coal. The preference turns between broken 
stone and gravel, and where the latter has a natural 
mixture of clean sand, it is probably preferred in most 
cases. 

The ballast has four distinct oflBces to perform. It must, 
first of all, distribute the bearing of the track over the sur- 
face of the earthwork ; second, it must confine the track in 
place; third, it must secure the drainage of the surface, 
and lastly it must, by its character, give a certain elasticity 
to the road— uniformly intermediate between the rigidity of 
rock, or the hard bottoms of cuttings and the weakness and 
softness of common earth. 

Very hard materials do not meet the last named condi- 
tion of an elastic absorbent. Broken trap rock, however 
durable in itself, would pack to such an extent as to ap- 
proximate the condition of a solid ledge, on which the rails 
would soon batter out."*^ The packing of even gravel 
ballast has been often such as to cause a rapid destruction 
of the rails.! Stone, when broken for ballast, should not 
exceed 2^ inches in any diameter. Limestone rock is quite 
durable, but it is of so binding a character as to pack too 
readily when used as ballast. Gneiss rock, although not 
sufiiciently hard for common road covering, answers very 
well for ballast, and breaks easily. On the Eastern Coun- 
ties railway, broken sandstone, although soft, is preferred 
as affording an easy road. Slate rock is the poorest kind 
of stone ballast, being rapidly decomposed in wet weather. 

* On one part of the Manchester and Leeds line, the bottom of a rock 
cutting was dressed to a surface, and the rails spiked directly to it. A 
few weeks' experience was sufficient to cause the rails to be taken up, 
to be re-laid in the usual manner. f* 2See note, p. 2d1. 
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Hard stone ballast should never be used in cuttings 
Gravel, if too fine will not drain well ; if too coarse it will 
not pack sufficiently to prevent the sleepers from sinking 
into it. It must be carefully selected, also, as to its 
quality. If from the sea-shore, it will hardly bind at all ; 
if mixed with loam it will never drain well. . If it has a 
natural mixture of clean sand, it will be of the best quality. 
Burned clay is a tolerable substitute for other ballast, 
where clay only can be found. It has been considerably 
used on English railways, and may be adopted on many 
lines where neither stone nor gravel can be had. CoaJ, 
of a quality fit at least for burning clay, can be found at so 
many points in the prairie (U.S.) countries^ that it may 
prove quite convenient and otherwise advantageous to adopt 
burned clay very generally for ballasting prairie roads. In 
burning clay a wood fire is first lighted, on which is placed 
a quantity of bituminous coal, and when this is well 
ignited, the clay is placed around and upon it in a moder- 
ately thin layer. Coal and clay are then applied alternately 
— the clay in lumps, and never so thickly as to choke the 
fire. In this way, a bank or kiln of clay, up to any size, 
may be made up and burned. On the Great Northern, 
these banks were laid up about 200 feet long, 60 feet wide, 
and 20 feet high. The clay finally becoming burned, 
although more or less irregularly, it is broken up and car- 
ried away. Much depends on the care exercised in burning. 
In some portions of the bank the clay will be vitrified 
(which makes the best part of the ballast, excepting that it 
requires too much coal in burning), while at other places 
the clay may be underbumed, and, in this case, liable to 
dissolve in wet weather. A ton of coal should bum from 
20 to 25 yards of clay, and in the case of the Great Nor- 
thern line, with coal at 16*. a ton, the ballast was got 
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out at 1*. Sd, a yard — about as cheap as gravel can be 
got out and run 6 miles in America. Clay is sometimes 
burned over in a similar manner, where it forms the sub- 
stance of embankments. The water once out, the baking 
of the surface excludes it from the interior, and clay, if kept 
thoroughly clear of water, is as good as any other material 
for embankments. Sand is only very rarely used as 
ballast on some railways. It hardly deserves the name of 
ballast. It is not firm under pressure ; it will not drain 
well ; it rapidly washes out, and by being blown up by the 
trains in motion, it gets into the bearings of the machinery 
and does great mischief. It cannot be depended on for a 
smooth track, least of all in winter. Cinders, shells, and 
broken bricks all serve a very good purpose where they can 
be had. The two last are extensively used in ballasting 
railways in Holland. Small coal, mine rubbish, and culm, 
or coal incompletely formed, are all excellent for ballast. 
There are many places where this material can be had without 
too great cost ; and in such cases it should never be neglected. 
It forms a firm yet elastic ballast, and drains very well. 

Quantities, — The English double-track roads of common 
gauge have a general width of 36 feet of ballast. Single 
track roads are ballasted 14 feet. This wide ballast-bearing 
is obtained by means of the ample width of earthwork 
already noted. Where there is any variation from these 
standards, the ballast is wider, seldom narrower. The 
South Eastern main line was ballasted 30 feet wide, the 
width of formation level being 36 feet. The standard 
Erench width is 27 feet 6| inches — or 8*40 metres. 

The depth on English lines is generally 2 feet, 1 foot of 

which is entirely under the sleeper — the rest around and 

above it. Some lines have been ballasted 28 inches deep. 

It is generally intended to employ from 10,000 to 12,000 

H 8 
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cubic yards of ballast per mile of double track, and not less 
than 6000 yards for single tracks of ordinary gauge. By 
these quantities are to be understood the original amount 
of ballasting, without regard to what may have been filled 
in where the track has sunk. In one case, on the Great 
Northern line, 26 feet depth of ballast has been filled 
in on a single bank. In other cases, 2000 yards of ballast 
have been often added in one year to the original quantity 
on one mile of road, the track being settled by the satura- 
tion or washing out of the earthwork. The French lines 
have generally 20 inches (nearly 50 centimetres) of ballast, 
except in bad soils, where 23^ inches (60 c.) are applied. 

European engineers attach the greatest importance to 
the use of ballast, and the comparison of the cost of keep- 
ing up roads both with and without ballast, shows how 
important it is, not only that it should be used at all, but 
in the best manner, and of the best quality."*^ 

Laying Ballast. — ^The primary object of ballast is to 
distribute the weight of the track, and applied load over 
the surface of the earthwork beneath ; hence in ballasting 
this object should be kept especially in view. The earth- 
work is in no case fitted to sustain any load until it is 
thoroughly drained. It is usual also to slope the surface 
of the '^ formation level " each way from the centre, the 
outer edges being three or four inches lower than the 
middle. This is not perhaps very important — at all events 
the inevitable settling of the ballast will in a short time 
obliterate the line of separation, after which it will never be 
restored. 

English engineers usually lay twelve inches of ballast 

• The French double track roads, as by the Annuairt Officiel de» 
Chemins de Fer, for 1 857, have expended no less than $6039 per mile for 
ballast, or 17 per cent, of the whole cost of "way." (115,000 francs per 
kilometre.) This would give 10,000 yards per mile, at 28. 4d, per yard. 
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before the permanent track is put down, the contractor 
using his own temporary rails in building the road. The 
ballast thus deposited is as well solidified as circumstances 
will allow, after which the sleepers are laid in place and a 
further quantity applied. Much pains are taken in bedding 
the sleepers firmly, and at their proper level, and proper 
distances apart. With broken stone, the largest pieces, so 
far as they can be kept separated, may be placed at the 
bottom. These pieces will so wedge into each other as 
not to be likely to come up to the surface ; but where, with 
gravel, the coarser portions are laid at the bottom, the 
action of frost, and the working of the road-bed under pass- 
ing trains, will bring them up again to the surface, and 
while this is going on, the track will be more or less dis- 
turbed. Flat stones have been laid under the ballast ; in 
cases where they have been placed in the same manner, 
under the broken stone covering of McAdam roads, they 
have become in time turned upon their edges, thus keeping 
the road continually rough ; but the action is difi*erent in 
the case of a railway, since the bearing of the sleepers is 
more distributed than that of waggon wheels. 

Ballasting, after a road is in established use, is to a great 
extent, inconvenient and expensive. It is very difficult 
to remove the poor material from under the sleepers, while^ 
if not removed, it is not a fit foundation to ballast upon. 
Besides, alongside stations and under bridges, there is not 
always room sufficient to allow of raising the track by the 
necessary thickness of the ballast. The ballasting should 
in all cases be finished as soon as possible after the opening 
of the road, as it would be expecting too much at present 
that our roads should be ballasted before being opened for 
use, as is always done abroad. 

The greater width of ballast permits the use of longer 
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sleepers than are now put down on roads in the United 
States. Nine feet is the common length abroad, thus dis- 
tributing the load more uniformly upon a wider base. So, 
too, the filling in between, and at the ends, and over the 
sleepers, holds them much better in place. 

In prairie soils, where the deep loam is unable to support 
the direct weight of the track and its load, a permanently 
smooth, strong railway can only be made by ample ballast- 
ing. It was by obtaining sufficient bearing that Stephenson 
floated his railway over Chat Moss ; and by as much as a 
prairie differs from a rock bed and approaches the character 
of a peat bottom, by so much must the bearing of the track 
be distributed over the surface, else the sleepers will be 
forced irregularly into the ground and the rails more or 
less disturbed. The expediency of any ballasting for some of 
the Western lines (U.S.) has been doubted from the fact that 
the ballast, when laid in certain quantities, had been found 
to be forced into the ground. No mechanical reasoning, 
however, could be more illogical, for while a thin coating 
of ballast would be beaten into the ground, a greater thick- 
ness would distribute the weight over a surface from four to 
six times larger than that covered by the sleepers, and would 
thereby reduce the crusliing force upon any given point. 
Each fragment of rock or pebble of gravel, when upon the 
top of the ballast, exerts pressure throughout a cone of similar 
fragments or pebbles until the final bearing of several square 
feet is reached on the bottom. Thus the cap ball in a pyramid 
of cannon shot presses upon all those below it, its weight 
being finally distributed over an area perhaps five hundred 
times greater than that of its own section. If the soil is not 
originally fit to receive ballast, it must be drained, for the 
road will be still worse if it is laid on such soil without 
ballast. 
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The support given by ballast must be intermediate be- 
tween rigidity and weakness, for either extreme is equally 
injurious. Firmness without rigidity is the great requisite. 
Much slovenly work is tolerated in railway road-beds by 
confounding weakness with elasticity. This will be again 
referred to farther on. 

Braining hy Ballast, — Broken stone, in fragments of 
from 1 to 8 inches diameter, has been found to give room 
in its interstices for an amount of water equal to 48 per 
cent, of its gross bulk. Even anthracite coal, which is 
specifically much heavier than water, will weigh when 
broken into ordinary market sizes, some seven pounds less 
per cubic foot (or 12 per cent, less) than water. Gravel 
will not contain as much water as broken stone, except by 
the dissolution of its contained earth. 

In ballasting a railway, the material used wiU drain 
water at a certain angle out to the edges. Although the 
surface is not waterproof, the water will not settle per- 
pendicularly into the ballast if sufficient means are left 
for it to escape at the sides; hence walling the ballast at the 
side, or enclosing it in a trench in the ground, only causes 
the water to saturate it throughout. The water must have 
opportunity to drain from, as well as into the ballast. A 
case already mentioned, that of the Boston and Lowell 
road, where the ballast occupied a trench 1 1 feet wide and 
3 feet deep, and was always saturated and heaving in wet 
weather, shows the necessity of keeping the drainage clear 
even with ample ballast. If the ballast is allowed to remain 
saturated with water, this will also, by increasing the grind- 
ing power of the stones, wear them out under the motion 
imparted by passing trains. 

Over drains, the finest ballast — sand — will pass water 
freely. By removing the water, ballast assists in extending 
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the life of the sleepers, which would otherwise be prema- 
turely rotted. Many of the Western (U.S.) mud roads have 
been surface-drained, in default of ballast or money to buy 
it, by crowning and smoothing the mud between the rails, 
and sloping it to ditches at the sides. This reduces the firm 
bearing of the ends of the sleepers, and allows the track to 
rock considerably. But it is, on the whole, better than 
letting the superstructure lie in a puddle of water. 

Cod of Ballast, — ^The operations on the New York and 
Erie road, in 1852, showed the cost of ballast to be 25*7 
cents per cubic yard. The average distance run for each 
train, loaded and empty, including also the distance run in 
going to the work in the morning and returning in the 
evening, was 5*4 miles. The average haul of the material 
only was not far from 2^ mUes. The greater portion of 
this work being widening the " cuts " and enlarging the 
ditches, the earth trains were subject to much greater de- 
tentions by other trains than would occur in loading ballast 
on side tracks. The number of cars in a train was much 
smaller than would be used in ballasting. Broken stone 
ballast, as laid on the Baltimore and Ohio road, has cost 
about 40 cents, a yard. The stone ballast on the Penn- 
sylvania railway is charged at 65 cents, equal to $3,250 
per mile, at 5000 yards per mile of single track. 

In carrying gravel or other ballast, in long runs of from 
10 to 50 miles, the cost of transportation should not exceed 
f per cent, per yard per mile. A train of 200 yards should 
be run 40 miles daily, returning empty, at a cost of $50 
for running expenses and dumping, the ballast being already 
loaded in the cars. 

Conclusion as to Ballast, — The best railways in the world 
— those which do the most business at the least cost — are 
the best ballasted. The French double-track roads have 
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averaged over £1200 per mile for ballasting, and are main- 
tained under their current traffic for £400 less per mile 
annually than the cost for the same mileage in U.S. This 
ballast once on, will not lose more than one or two inches 
a year. As ballast best fulfils its purpose when it is provided 
of good quality and in sufficient quantity, it may be con- 
cluded that two feet depth of clean (not too clean) gravel, 
of broken gneiss rock, or carboniferous limestone, or even 
well-burned clay, will secure all the following conditions : 

First, distribution of the bearing of the applied load. 
Where the bearing surface of the sleepers only is from two 
to two and one-half square feet per foot of track forward^ 
two feet depth and fourteen feet width of ballast will extend 
this bearing to fourteen square feet upon the surface of the 
earthwork. This prevents the crushing of the road-bed. 

Second, by enclosing the sleepers on all sides, the track 
is held steadily in place, and the trains run quietly. No 
mere depth of ballast, where it is all beneath the sleepers, 
can accomplish this. The sleepers are also greatly pro- 
tected from decay when thus enclosed. 

Third, drainage is secured, the surface water running 
through to the edges. No depth nor excellence of ballast 
however, can compensate for insufficient drainage of the 
earthwork. The ballast is not waterproof itself, while if 
the ditches are not well opened, the road-bed beneath will be 
constantly saturated by absorption of water from the slopes. 

Fourth, with the usual materials, say those named above, 
a certain elasticity is interposed between the track and the 
earth- bed. This is always desirable, and although ordinary 
soil will yield in a similar manner, its conditions cannot be 
depended on ; it is at one time dissolved in mud or scat- 
tered in dust, or else frozen to nearly the hardness of rock. 
Broken stone is a good covering for banks, but in the 
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bottoms of cuttings it is too rigid, and a more yielding 
ballast should be adopted. 

Fifth, ballast to be good, must be clean. Sand or na- 
tural soil, by rising, does great injury to the machinery, 
and by its presence on the tread of the rail greatly in- 
creases the resistance there, as well as in the bearings, 
adding to the consumption of fuel and oil, and to the 
injury to the paint and upholstery of the carriages, and 
being an intolerable nuisance to passengers. 

Elasticity of Permanent Way. — Extreme deflection 
and looseness of rail-joints verstis anvil-like rigidity of joint- 
fastenings, has been the basis of permanent way discussion 
in America ever since improvement began. That such 
a controversy has been mostly confined there, is a 
fact which throws some light on the case ; where smooth 
roads are the rule, the consequences of rigidity are not so 
noticeable ; where frost-heaved and hardened roads prevail, 
rigidity is most destructive of way and equipment ; and this 
is the essence of the whole matter. 

Elasticity is a compromise between smoothness and hard- 
ness. Were roads perfectly smooth, elasticity would be not 
only unnecessary, since there would be no shocks nor jars 
for it to relieve, but it would be positively injurious, since 
it would disturb the perfect level. On the other hand, 
where roads are most rough, there are most shocks and 
concussions, and the greatest amount of elasticity is re- 
quired to counteract them — to enable the wheels to force 
the track into a more nearly level line than would be pos- 
sible if it were absolutely unyielding. Since no roads can 
be made, much less kept, perfectly level, elasticity in the 
track, just in proportion to the roughness, is an indispen- 
sable element of economical traction and repairs. We hear 
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numerous dissertations on elasticity ; almost every inventor 
of a rail-joint may be better identified as an inventor of a 
new theory of elasticity designed to meet his case. The 
inventors of '^ anvil '^ joint-sleepers, insist that immoveable 
stiffness and firmness will alone preserve the level of adja- 
cent rail-ends ; tliis would be true if tracks were laid per- 
fectly smooth; the advocates of springs (and there are such) 
under the contiguous rail-ends, declare that the sensitive 
and palpable give of the whole mass will alone prevent the 
lamination and destruction of the bars ; this is true if mud 
tracks are allowed to sink here and heave there, and finally 
freeze up into a succession of adamantine hillocks. 

It is unreasonable to assume that elasticity of track is 
any more a fixed quantity than fuel or water. They all vary 
with the resistance. Elastic tracks, and especially elastic 
fixtures at the break in the rails, where most jar and shock 
occurs, if continuity of line and perfect level are not preserved 
are of course indispensable to our roads, when they freeze up, 
or are, from any cause, rough and rigid. As far as all parts of 
the track, except the joint, are concerned, the wood sleeper, or 
an iron sleeper on a good thickness of ballast, although they 
do not spring perceplidly, are sufficiently elastic to absorb all 
the jars and concussions occurring on a weU-kept line. This 
is a matter of history, and we believe it will not be questioned. 

The breaks in the rail, however, are differently circum- 
stanced. There are three principal cases to be considered. 
First. Suppose the road-bed to be bad — without ordinarily 
good ballast and drainage, and the rails to be without 
joints. The mud road-bed is already too yielding if it 
were only perennial mud ; but where the fantastic surface 
of a clay and water road is suddenly caught by the frost, 
elastic material in chairs and sleepers is suddenly called 
upon for most essential service. Even while the super- 
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structure is wallowing in the mire of spring thaws and 
freshets, the elastic material is of some service, for where 
wheel, rail, and all drop down to the bottom of a puddle, 
they need a cushion to arrest the blow. 

Second. Supposing the road-bed to be good, fairly bal- 
lasted, and drained ; if the breaks are not so jointed as to 
preserve continuity of level and stiffness, the concussions 
are greater than at any other parts of the rail, and the 
elasticity of sleepers and ballast are not sufficient to prevent 
their rapid failure. Therefore, the mere addition of metal 
to or under the break decreases an already insufficient 
elasticity, and is therefore inadequate. On the other hand, 
the addition of elastic material under the break will partly 
remedy the defect — partially , because it will only relieve 
not prevent the severe forcing down of a rail end ; an anvil 
joint would increase it: a simple light chair or sleeper 
would not much better it ; but an elastic material under the 
rail would certainly relieve it. To stop here — to merely com- 
promise a defect is a very low aim, and a very unwise one. 
One important feature is necessary to the utility of a joint in 
either of the above cases, viz. : where one rail-end is depressed, 
the adjacent end also should come down to the same level — the 
continuity of the rail should be preserved, however slightly 
the stiffness and strength may be provided for. Otherwise 
the elastic material, and the sleeper, and the road-bed, 
would yield under the weighted rail, and leave the other 
pointed straight at the wheel, from which it would receive a 
shivering blow. A sleeve chair, if the elastic medium were 
in the chair, would bring both rails down as the sleeper and 
road-bed settled, and a fish-piece, even were it a mere hinge 
or ring, would bring both rails to the same level, whatever 
might be the jrield or elasticity. 

Third. Since we cannot imagine a thorough joint, pre- 
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^ Berong the stiffness, level, continuity, and strength of rails, 
in connection with a mud road — for whoever adheres to the 
latter will certainly never use the former — the next case to 
be considered is that of a thorough joint and a good road- 
bed. It would appear that the elasticity of the sleepers and 
ballast would be all that is required under such favourable 
circumstances; but this is not the case. On European 
roads, with the most thorough and excellent joints, allowing 
no more deflection than occurs at other parts of the rail, a 
decided and considerable lamination of the rail-ends some- 
times occurs. This has been especially noticed in case of a 
very heavy cast-iron sleeper on the South Eastern line ; the 
fish-joint meanwhile being of the most thorough character, 
and the deflection of the joint and of the rail generally not 
being visible, if it was measurable, the rail began to fail at 
the joint after very short service. This shows two things, 1st, 
that it is not necessarily a visible deflection, but a mere jar 
that does the mischief; 2nd, that the best joint alone on even 
a smoother track than we shall probably enjoy for many years, 
is not a complete guarantee against the destruction of rails 
and machinery; for which the reason is evident: there is more 
metal in a joint which is as stiff as the unbroken rail, than there 
is in the rail itself; and there is especially a greater mass of 
matter acting like the anvil, if the joint is made on a sleeper. 
The practical fact growing out of all this, with reference 
to a first class road — and it is bad policy to spend much 
time in trying to compromise the evils of a bad one — ^is, 
that a thorough system of rail-joints requires more elasticity 
under the joint than under the less weighty and massive 
parts of the structure ; that the interposition of a substance 
not visibly springy, but slightly elastic, to relieve the 
greater rigidity of the mass, is necessary to economical 
traction and maintenance of way. If a road is so smooth 



164 PERMANENT WAY. 

— that is to say, if ballast and drainage are so thorough, 
sleepers so ample and firm, rails so stiflf and level, 
and joints so tight and strong, as to enable even a 
cast-iron sleeper to afford sufficient elasticity to the body 
of the rail — then a stratum of wood, rubber, cork, felt, or 
some more elastic material than a cast-iron sleeper, is 
necessary to give the same amount of elasticity to the joint ; 
and if it does iiot have the same amount, it will begin to 
fail before the body of the rail, by reason of excessive 
rigidity if it has less, and by reason of excessive yield and 
deflection, if it has more. 

The whole system of *wj»^/y?(?ia^ road-bed contradicts every 
idea of permanent way. The foundations of a permanent 
building or bridge are placed at a depth which insures 
uniform resistance, hardness, and support at all seasons, 
and, convulsions of nature excepted, for numberless cen- 
turies ; witness the tremendous weight of cathedral towers, 
of temples, and pillars, which have not settled in a thousand 
years as much as an ordinary rail-joint deflects at the passage 
of a train. On the other hand, a railway is entirely on top 
of the ground. Its superficial foundations are at the mercy of 
frost and thaw, of rain and sun, of cold and heat. Each 
meteorological change alters their resistance, hardness and 
support. In the climate of the United States, only two things 
can prevent the change from summer to winter, from practi- 
cally destroying the permanence of way. The first is a perfect 
filter of ballast, so fine that it will not be rigid, so coarse that 
it will not hold water by capillary attraction, so wide that the 
changes by frost at its edges will not alter its level, so deep 
that frost cannot affect the earth under it, and so securely 
founded on a solid earthwork, that it will not settle or 
yield. The second is an absolutely water and frost proof 
covering over the foundation earthwork, which would effect 
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the same results. Both these conditions of permanence are 
practically impossible, but suppose they were had, how long 
would they last ? The very jar of the superstructure would 
gradually wear out the ballast and prevent its proposed 
protection, or it would necessitate the breaking of the 
waterproof covering. Of course, the thorough ballast and 
drainage plan would make an almost perfect road, and 
would much reduce the expenses of traction and mainte- 
nance. But it would cost almost, if not quite as much, as a 
really permanent way. 

Now suppose we were to locate our superstructure on 
such foundations as we would build for bridges and cathe- 
drals — not as to dimensions and amount of resistance or 
support, for that is not required, but as to permanence; 
suppose in localities where ground is soft and timber not 
too expensive, we were to lay our rails on piles, driven far 
below the influence of frost and water, where they would 
remain for say 100 years without yielding a hair^s-breadth ; 
or suppose where stone is more convenient, and the bottom 
adapted to it, the superstructure were laid upon suitable 
piers, similarly founded. It is not our purpose to elaborate an 
idea so foreign to all railway practice, especially in a country 
where still farther cheapening the permanent way by robbing 
it of its necessary proportions is the rule. But we believe 
such a system will one day be adopted. One popular ob- 
jection to it may be referred to under the present head, 
viz. : elasticity. We shall be reminded that a superstruc- 
ture laid on a solid stone bottom in England, very soon 
failed from excessive rigidity. What of it ? Must elasticity 
be forbidden and excluded because the foundations are per- 
manent ? Are the two conditions in any way opposed or 
incompatible ? If it is true that a certain and the same 
amount of elasticity are a necessary condition of a track 



166 PERMANENT WAY. 

which is not infinitely level — and we think this may be set 
down as a self-evident fact — then the attainment of this 
uniform level through the means of a medium of constantly 
varying elasticity, viz., a superficial road-bed, is simply 
impossible. If we decide to have a uniformly elastic track, 
we may rest assured that we shall never derive the required 
quality from the road-bed, but only from a uniformly elastic 
medium, interposed between a perfectly rigid foundation, 
and the rail. Therefore, perfect rigidity of foundation is 
not only unobjectionable, but it is a positive condition of 
a smooth and permanent way. 



CHAPTER II. 

SLEEPERS. 

Materials and Arrangement. — The usual plan of the 
superstructure of European as that of American railways, is 
upon transverse wooden sleepers. The Great Western rail- 
way, and a few short lines, remain upon the old plan of 
longitudinal bearings. Cast-iron is now receiving con-^ 
siderable attention as a material for sleepers, or bearing 
plates. The castings are detached plates, resting on the 
ballast and supporting the rails, wrought-iron tie-rods being 
employed at every six or eight feet to keep the track in gauge. 
Stone blocks have been almost entirely discarded — a reference 
to what has been said under the head of ballast, will disclose 
the principal reason, that of their rigidity. So far as perma- 
nence and durability are concerned, they are superior to 
timber. Three or four plans of rails — as will be described 
under their appropriate head — have been adopted to some 
extent to dispense with or modify the use of sleepers, the 
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rails being of a form and size to take a continuous bearing 
directly within the ballast. The sandwich rail, a deep girder 
with longitudinal side-sleepers, is perhaps the best plan in 
use. The experiment of spiking the ordinary rails directly 
to the dressed bottom of a rock cutting,, to dispense with, 
sleepers, has been already referred to. 

Quality of Timber, — ^Timber for sleepers should be cer- 
tainly as sound and well seasoned as for any purpose. In 
actual strain and abrasion and in the effects of weather, a 
railway sleeper is severely tried. Seasoned white oak is of 
course the best where it can be had. On curves, it should 
always be put down if it can be procured. Professor John- 
son^s experiments show that thoroughly seasoned white oak 
holds a spike with twice, and thoroughly seasoned locust 
with 2f times the force of unseasoned chestnut. He found 
that in the softer and more spongy kinds of wood, the 
fibres, instead of being forced back longitudinally and con- 
densed upon themselves are, by driving a thick and espe- 
cially a rather obtusely pointed spike, folded in masses 
backward and downward so as to leave, in certain parts, the 
faces of the grain of the timber in contact with the surface 
of the metal. Also, " that the absolute retaining power of 
unseasoned chestnut on square or flat spikes of from two to 
four inches in length, is a little more than 800 pounds for 
every square inch of their two faces which condense longi- 
tudinally the fibres of the timber. The experience on the 
Pennsylvania railway shows hemlock to be superior to 
chestnut sleepers. If it becomes usual to preserve sleepers 
by chemical means, white pine, elm, poplar, locust, cotton- 
wood, &c., will be found to take up the solutions more 
readily than oak, hard pine, &c. 

Sleepers should be got out straight as well as of large 
uniform sizes. A crooked sleeper gives a very poor bearing, 
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and often by its rolling tendency acts to disturb the tracks 
even where the bearing is otherwise sufficient. 

Presemng Timber for Sleepers,* — The ordinary life of 
sleepers, laid down in their natural state, is about 7 years. 
In this condition they cost about one dollar each on Eng- 
hsh railways. This is $3,600 per mile of double-track, and 
the average annual decay is, therefore, $514 per mile. By 
chemical preservation, their cost, at $1 25 each, is ^4,500 
per mile; but as they are thereby rendered durable for 15 
years, their average annual decay is but $300 per mile of 
double-track. This saving is so large that some mode of 
preservation is always adopted on foreign railways. 

The preserving liquids severally employed are as follows ; 

Coal-oil, which is the common coal tar of the gas works, 
with its ammonical liquor expelled by boiling. The pro- 
cess is called Creosoting. 

Solution of sulphate of copper (blue vitriol) in water, in 
the proportion of 1 pound of the salt to 12i gallons of 
water. This is Boucherie's process. 

Solution of bi-chloride of mercury (corrosive sublimate), 
1 lb. to 15 gals, of water. The process is called Kyanising 
after the inventor. Dr. Kyan. 

Solution of chloride of zinc, 1 poimd to 8J gallons of 
water, or \\ to 100 by weight. This is Burnett's process 
— Burnettising. 

Solution of sulphate of iron (green vitriol or copperas). 
This preservative is prepared in a strong solution which, 
after being forced into the timber, is followed by a solution 
of chloride of lime, which decomposes the salt and renders 

* This subject was fully treated in "European Railways" by Mr. 
Colbum and the author. Nothing essentiaUy new in processes or 
results has been developed since that work appeared ; and to it the 
reader is referred for a comparatively full statement of feusts, and a 
description of the processes and apparatus. 
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the oxide of iron insoluble in the wood. This is Payne's 
process. 

Pyrolignite of Iron. This is also Creosoting. 

Size and Distribution of Sleepers. — ^The sleepers 
used on English railways are in general 9 feet long, 10 
inches wide and 5 inches thick. These dimensions, with 
the usual distances at wliich the sleepers are laid, give a large 
bearing surface on the ballast, while the length especially 
tends to maintain the steadiness of the track, and prevents 
the rolling due to a firm bearing between the rails only. 
The usual distance at which the sleepers are laid is 3 feet 
from centre to centre. This gives 2 J square feet of bearing 
surface for each running foot of track. In another chapter, 
on rails, it will be shown that sufficient stiffness is provided 
to permit this wide span between sleepers without appreci- 
able deflection. The lines of heavier traffic, as the London 
and North Western, have a distance of 2 feet 6 inches to 
2 feet 9 inches between centres of sleepers, giving in the 
first case 3 square feet, and in the second, 2*73 square 
feet of bearing per running foot of track. With a com- 
paratively wide distance between sleepers, the ballast can be, 
and is, indeed, more likely to be well packed than where 
they are close. But this requires unusually heavy sleepers 
and stiff rails which will not bend in detail. On the South 
W^estem line, the sleepers were originally laid 6 feet apart, 
and there are portions still remaining where the distance is 
4 feet, giving 1 J square feet of bearing per running foot of 
track. Insufficient bearing, however, is at this time men- 
tioned by English engineers, as the worst feature of the 
cross-sleeper and chair system — insufficient bearing both of 
tlie rail on the timber, and of the timber on the ballast, 
since the latter, however ample, is not entirely under the 
weight. The timber springs and does not aleep; and it is 
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proposed to make thicker sleepers to prevent this sprmging. 
If the English system is faulty in this respect, what shall 
be said of America ? 

The dimensions and intervals of sleepers on some of the 
principal railways of New York, are as follows : average 
number of sleepers in 9 roads, per mile 2,242 ; length in 
feet (4 ft. 8i inch gauge), 8*07 ; average width of bearing 
surface, 7*2 inches; bearing, per foot of track, forward, 
2*04 square inches. 

English railway sleepers are quite often squared to get 
the full bearing of the full width, and it is this width which is 
given as 10 inches. On the South Eastern and on the Great 
Northern lines, triangular sleepers are used. These are sawed, 
two together, from a square stick, and have 14 inches bearing 
surface for the rail, the right angle resting in the ballast. 

EngHsh engineers are careful to adopt uniform sizes and 
uniform spaces for sleepers. The primary object of sleepers 
is to give a bearing upon the road-bed — a consideration 
which appears to be sometimes very much overlooked. 
Eor on many hues in America, this bearing is scanty in 
extent and very irregular, being suppUed indiscriminately by 
short and long, and wide and narrow sleepers at very variable 
distances apart ; while also the sleepers are almost always 
spoken of as '^ ties," a term well enough by way of dis- 
tinction, but implying that their principal office is to keep 
the track in gauge — which should in reaUty form but a very 
small part of the function of a sleeper. A comparatively 
slight rod of iron, at intervals of a few feet, is all-sufficient 
to bind the track together, but a large extent of bearing 
surface is necessary to keep the whole from being crushed 
into the road-bed. The tendency is to force aU the sleepers 
down, and hence those which are smallest will yield first ; 
and the track will thus be disturbed much more than if all 
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settled equally. The Boston and Lowell Railway is laid, 
for one track, on stone sleepers. These, although somewhat 
rigid, do not make a very bad track so long as they are 
properly kept up. But whenever it has been attempted to 
substitute occasional wooden sleepers in place of those taken 
out from breakage, the track has been made inconveniently 
uneven. The difference of support was such that it was 
found practically impossible to use alternate stone and 
wooden sleepers in the same track. Where sleepers of dif- 
ferent depths are employed, without ample ballast, the 
deepest may rest on an elastic bed, while the shallower 
sticks are frozen solid upon the surface of the road-bed. A 
difference of two inches in thickness has been found to 
make an extremely uneven road in the winter. A similar 
irregularity is produced by using sleepers of different sizes 
in the same track, unless they are carefully spaced closer in 
proportion as they are smaller. It would indeed be better 
that the sleepers were all small, rather than that some 
should be small and some large — even where but the same 
total number were to be used in each case. 

Large, well-formed sleepers are thus a part in the series 
of provisions by which good and economical tracks are 
secured. The earthwork being made firm by its own ample 
widtli and by good drainage, the ballast being deep, clean, 
and moderately binding, and the sleepers resting uniformly 
over a broad surface, we have a strong and permanent 
foundation, on which, if the rails are well fastened, the 
whole must inevitably lie smoothly and quietly. It is by 
permanent smoothness in a track that we avoid constant 
crusliing and chuniing of the ballast, avoid crushing and 
rotting the sleepers, avoid breaking the chairs or other joint 
fastenings, avoid crushing and breaking rails, and that we 

also avoid the great increase of resistance and the largely 

i2 



172 PERMANENT WAY. 

increased wear and tear of machiuery always accompanying 
a bad track. 

The Longitudinal System. — Under this head it is 
proposed to consider briefly those systems which give a 
direct support to the rail immediately under it and the load, 
such as continuous longitudinal sleepers, in various forms, 
and wooden or cast-iron blocks or bearers; in contradis- 
tinction from the ordinary cross-sleeper system. 

Defects of the Cross-deeper system, — If cross-sleepers are, 
say 1\ to 8 feet in length, the common standard in Ame- 
rica, the principal bearing is between the rails ; if they are 
9 feet long or more, the bearing without the rails, except 
the ballast be wide in proportion, and as solid at the edges 
as in the middle, is less firm than at other points. But this 
principal bearing within the rails is not under the load ; the 
track therefore rocks — an evil which increases very rapidly 
when once started ; so that it is customary on many lines to 
loosen the ballast between the sleepers, and to confine the 
principal bearing to that part of the sleeper immediately 
under and adjacent to the rail. This however decreases the 
total bearing of the sleeper upon the ballast, since the ex- 
treme ends (with a narrowly and thinly-ballasted American 
line), and the middle of the sleeper, are only nominal 
bearing surface. Consequently, double the number of 
sleepers must be provided, to furnish sufficient bearing, at 
double the cost; and when laid, there is so little space 
between them that they cannot be well packed. Therefore 
these cross sticks cannot, and it is well known that they do 
not sleep under the rails, upon a common American road- 
oed. Now if wide, firm, and ample ballast is provided, the 
English practice shows that sleepers 6 inches thick and 10 
inches wide, although more firm, do not lie perfectly still 
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under the trains. Since four points of the bearing of the 
sleeper are more than two feet from the load, they are not 
merely bearers but they are levers, and if they are not in- 
flexible girders, they spring, and gradually mash down the 
ballast and beat it into dust. It is therefore proposed to 
increase the depth of cross-sleepers in England. Each 
cross sleeper also deflects and settles on its own account, 
without receiving any support from those adjacent. The 
longitudinal stringer, however, independently of what stiff- 
ness the rail may give it, is continually transferring its load 
to its adjacent parts. 

Another serious defect in the cross-sleeper system is the 
destruction of the sleeper by the movement of the rail. 
Nothing more than a mention of this fact is necessary to 
convince those who are familiar with an American line, of the 
desirableness of a remedy. The rail not only mashes and 
mechanically destroys the timber, but it facilitates the 
entrance of water, and hastens decay. This is caused 
partly by the want of sufficient bearing surface of the 
rail on the wood, but more especially by the want of suffi- 
cient firmness in the bearing of the sleeper on the ballast, 
and the want of strength in the fastenings. On badly 
ballasted roads, or where the surface-bearing on the ballast 
is too small, it is very common to see some of the sleepers 
loose, or hanging by the rail. Thus, whenever a train 
passes, the sleeper is forced down with a crushing blow. 
Sound timber is often worn out; it is, therefore, of 
little advantage to undertake the cost of preserving 
wood from rotting, until a better system of bearings 
is employed. On some of the Austrian roads, where 
timber is valuable, the sleepers are planed smoothly all 
over, both as a means of preventing decay and of improving 
the bearing surface. On several roads where the flat-footed 
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rail is used, the sleepers are grooved by machinery to re- 
ceive the foot of the rail. This aids the spikes in keeping the 
road in gauge, although it weakens the sleeper and hastens 
its decay, by giving a lodgment for the water. Compara- 
tively, then, the cross-sleeper system requires a larger 
amount of timber and a very much greater width of ballast, 
than the longitudinal system for a given permanence of way. 
Wooden Blocks, — In France, on one railway, the ex- 
periment was tried of cutting most of the sleepers in two 
at their centres, leaving one whole at every 10 or 12 feet 
to bind the track together. The object was to destroy the 
spring of the sleeper, which, taking a bearing on its own 
centre, will deflect at the ends by the weight of a train, and 
thus churn the ballast in such manner as to lessen its own 
bearing and hasten the general disturbance of the track. 
The experiment is understood to have succeeded well, and 
W. Bridges Adams, of London, has recommended the 
general observance of the same practice. The forms of 
cast-iron sleepers, thus far introduced, are generally de- 
tached rectangular blocks, either lengthwise or across the 
track, and these have been found to bear better and to re- 
quire less frequent packing than the transverse sleepers. 
The practice of sawing the sleepers in two would not an- 
swer excepting the separated ends were well packed in 
ballast, as there would be a tendency to strain them from 
their fastenings — but, if these were secure, there can be no 
doubt that the bearings would be better than with the 
present whole timber. On the Boston and Providence 
line, some of the joint sleepers were at one time turned 
half round, forming longitudinal bearings. The results are 
said to have been good. 

The cast-iron sleepers used elsewhere, which will be farther 
mentioned, are quite as advantageous as to form, as in da 
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rability of material. They are found to pack better and to 
lie more quietly. They do not spring out of the ballast 
and hammer back into their beds, on the passage of a train, 
after the manner of long elastic beams with a partial 
bearing. In short, they are bearers and not levers, and 
they utilise all their surface by transferring the load directly 
to the road-bed. Wooden blocks dressed to similar forms 
and sizes, and say 4 inches thick, would give all these 
advantages of form, besides furnishing ample elasticity, and 
dispensing with an amount of ballast between the rails, which 
would be indispensable to an equally firm cross-sleeper road. 

The rail-joint proposed by Mr. Zerah Colburn, is a 
longitudinal or block-joint sleeper, being in fact, a sec- 
tion of Dimpfel's longitudinal system. It is very evident, 
from the principles and experience already mentioned, 
that this joint-sleeper would give all the advantages of 
the block or cast-iron system as to form, besides making 
a much better joint than the chairs or wood splices com- 
monly used. The rail has an ample bearing on so much of 
the timber that it could not rapidly crush into it, and it has 
more vertical stiffness than a dozen ordinary wood-splices. 
The longitudinals would of course have the same bearing 
on the ballast as that of a common joint sleeper, and this 
would be effective bearing, under the load and not at the 
end of a flexible lever. 

Cast-iron Sleepers. — The high price of timber, and the 
desire to provide a permanent way without the many dis- 
advantages of the transverse sleeper system, have led several 
permanent way engineers to design varieties of cast-iron 
sleepers, some of which have been tested for a long time, 
and are now in use on some of the English lines. 

The use of cast-iron for this purpose is so much a matter 
of cost, that the subject can claim no such attention 
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in America as it is received in England. The advantages of 
cast-iron as to form are of special importance. There, an 
ordinary road requires £420 per mile of single track for 
timber sleepers — these being preserved to last twice as long 
as those used on American roads — probably twice and a 
half. The plans proposed, of cast-iron, weighing from 
255,000 to 358,000 pounds per mile of single track, would 
cost £1000 a mile, would probably last as long as wood, and 
would be worth a considerable sura as old iron when ulti- 
mately renewed. In the United States, the sleepers would 
cost say $550 a mile, the cast-iron from $5,000 to $9,000, 
making the consideration of cast-iron quite out of the 
question without some extraordinary advantages were to be 
derived from its use. It will be interesting, however, to 
observe the more prominent plans of cast-iron roadway 
brought forward in England. 

Samuel's cast-iron, timber-cushioned sleeper, the pro- 
perty of the Permanent Way Company. The casting is 42 
inches long, 16 inches wide, weighs 132 pounds, and gives 
4*66 square feet of bearing surface, each sleeper. So laid as 
to make the total bearing surface equal to 1 J square feet per 
foot of track forward, would require 100 tons (of 2,240 lbs.) 
mile. For 2 square feet bearing per foot of track, 133i per 
tons of 2,240 lbs. This sleeper was applied, for an ex- 
perimental length, on the Eastern Counties' line, some time 
about 1850, or say 10 years ago. It has been repeatedly 
reported as doing well, but it has now been taken up 
because it was too light, and no more has been laid down. 
On the South Eastern line, Samuel's sleeper, somewhat im- 
proved in design, has now lain above two years, and is 
perfectly satisfactory in all respects. The bearing is on the 
surface of the ballast, the base is more concentrated than 
with the sleeper-tie, and this plan has therefore proved to 
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be easy to pack, to maintain a good position, and to admit 
of fair drainage. 

In 1850 and 1851, 200 miles of P. W. Barlow's cast- 
iron sleepers without the wood cushion, however, was 
laid down on different lines — 100 miles on the South 
Eastern, with old rails. Nine miles of the sleepers 
required to be renewed in the first five years after 
laying down. The present pattern is made in two sizes, 
one 38 by 14 inches, weighing 137 pounds ; the other 53 
by 15 inches, weighing 182 pounds. The first would give 
3*7 square feet of bearing per sleeper, the second 5*52 
square feet. Laid to give 2 square feet of bearing per foot 
of track forward, would require of the first plan 174 1 tons, 
of 2,240 pounds per mile of single track. Of the large 
sleepers, 155 tons, of 2,240 pounds, would give the same 
bearing. These sleepers would be spaced, where laid down 
so as to give but 1^ square feet of bearing per foot of 
track forward, requiring 131 tons of small sleepers, or 
11 6 J tons of the larger pattern. It will be seen that the 
bearing of the rail in the wood is very short, rendering the 
wood very liable to crush. The bearing surface on the 
ballast is further below the rail than in Samuel's plan, 
requiring more bearing per foot of track to give equal 
steadiness. This plan also introduces bolts and nuts, 
which must be, to some extent, an objection. 

M. De Bergue's cast-iron sleeper is also in some 
use. Tliis is more concentrated in its bearing than 
either of the others, being nearly equilateral, or 20 by 
14 inches, weighing 46 to 56 pounds, and giving nearly 
two square feet of bearing each, requiring but 100 tons 
(of 2,240 pounds) per mile, to give a bearing of If 
square feet per foot of track forward. With 20-feet rails, 
and blocks spaced 30 inclies, centre to centre, this plan 

I 8 
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would require 22,124 pieces per mile, being 4,224 blocks 
alone. The sleeper is designed, as yet, only for the flat- 
footed rail. It was applied on the Great Northern line, in 
a siding, where the traffic was so heavy as to wear the rails 
out in 18 months. The sleepers were of but i inch thick 
castings, were 18 by 14 inches, and spaced 2 feet apart in 
the centres. When the rails were renewed, one-fifth of all the 
sleepers were broken. The thickness has been successively 
increased to ^ inch, and is now down of that thickness on 
the London and South Western and the Lancashire and 
Yorkshire railways — for small lengths only, amounting 
altogether to a few miles. It requires to be packed with 
fine sand, but the engineer of the South Western railway 
states that it is easier packed, and preserves its bearing 
better than any other plan of permanent way in use on that 
line. The castings require some care in cooling them at the 
foundry, but so far, on the South Western line, scarcely one 
per cent, of the whole number laid down have broken. 

Greaves* Cast-iron Spheroidal Sleeper. This is in use 
on a few English lines, and has been laid down to a 
considerable extent on foreign railways. It is difficult to 
get precise and reliable information sufficient to decide its 
character. It has been disapproved of by some engineers 
who have tried it, from not having sufficient stability, from 
being difficult to pack, and from being somewhat rigid. 

It is not necessary to trace further the application of 
cast-iron for sleepers, but it does deserve remark that these 
plans are found to take a better bearing, and require less 
labour in packing than the cross -tie system. Upon this 
point there is no division of opinion or experience. Stone 
blocks had disadvantages in their rigidity, in their own 
weight, by which they sunk in the ballast, and in the depth 
of bedding which they required — altogether sufficient to 
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countervail their advantages of fonn, and to throw them 
out of use. 

With the plans of east-iron sleepers, it is found that 1^ 
square feet of bearing, per foot of track forward, answers as 
well as 2^ square feet of nominal bearing of cross sleepers. 
If in consideration of the high price of timber, and the ad- 
vantages heretofore indicated, the English engineers should 
use blocks of preserved timber, the bulk of sleepers would 
be reduced from 6,500 cubic feet per mile to 3,300 cubic 
feet, a reduction of 40 per cent. If the mere disposition of 
a smaller quantity of wood into a better form can affor 
advantages in the permanence and good condition of track 
and in labour and expense of maintenance, aU railway com- 
panies are interested in the fact. 

Longitudinal System of the Great Western Railway. — 
The longitudinal system of the Great Western railway, 
has been variously modified from time to time. The 
stringers have been tried experimentally 10 x 10 inches, 
and in deep strong ballast they make a good road ; but the 
standard of main-line timber has long been 15 x 7^ inches, 
with transoms, 7x5 inches, and 11 feet apart framed with 
strap-bolts. The longitudinals are always laid to hreah joints, 
and the rails do so too, not only with the timber by an 
overlap of at least 3 feet 6 inches, but also with each other. 
The longitudinals, when well bedded and settled in the 
ballast, do not roll ; they have 2i feet of bearing surface 
per foot forward, which is the same as incross-sleeper roads. 
The rail is about 10 inches above the bottom of timber. 

The great and excellent principle of the longitudinal 
system is, that it is packed continuously , and gives a bearing 
immediately under the load. There are no cross sills or 
otlier pieces under the main timbers, the transoms or ties 
being on the same plane. 
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But as carried out on the Great Western line, the longi- 
tudinal system has several disadvantages in respect of its 
own maintenance, although it is admitted to be easy on the 
rolling stock. As the rail peculiar to this system (the 
bridge rail) has been made deficient in vertical stiffness, 
and as the timber cannot compensate for the want, it 
follows, as is proved in practice, that the line springs on 
the passage of a train. And, in springing, the rail must 
crush into the timber. A practically stiff rail might bear 
up on irregular and remote supports, and might, if suflB- 
ciently stiff, lie smoothly on rough ground without ballast, 
but such stiffness can only come from the rail and not 
from the timber. If the rail '^gives,*^ the timber must 
give too, and crush at the same time. The bridge rail 
used on the Great Western is estimated to have but five- 
sevenths of the stiffness of the same amount of iron rolled 
into the usual form. Hence, from this want of strength, 
and from the yielding nature of the wood when pressed 
upon by the flat foot of the rail, the timber has been con- 
siderably " mashed " in, so that near the Paddington station, 
at London, cross-pieces of hard board have been interposed 
between the rail and the sill, so as to make a continuous 
floor for the former. The Great Wesiem longitudinal 
system, for this reason especially, is rather more expensive 
as to maintenance than the cross-sleeper system. It pre- 
sents a difficulty also in the way of drainage, for which it 
does not lie in the right direction. Being deep in the 
ballast and deflecting more or less under heavy loads, it 
forms longitudinal channels in which the water is likely to 
collect and remain, unless the amplest precautions are taken 
against the evil. There is also the difficulty of removing 
the sills when they require to be replaced — especially the 
delay, which is sometimes very inconvenient. 
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For the stability of all plans of superstructure and for 
the efficiency of drainage, the height from the underside of 
the sleeper, or from the bearing on the ballast to the top 
of the rail is important. The difference in stability and 
ease of drainage appears in striking contrast to those 
referred to. * 

The Great Western railway is one of the most expensive 
in England, as regards actual cost of maintenance. This 
may be partly due to its wide gauge, its heavy equipment, 
and the preponderance of its passenger business over that 
of freight. The cost has been as follows for three years : 



1854. 


1855. 


1856. 


Cost per mile of road £284 


£360 


£260 


,, ,, nin, about 8d, 


8d 


6d, 



This is considerably in excess of the cost of the same 
item for other English roads, excepting that for the South 
Eastern, which has some 100 miles of light cast-iron 
sleepers, and which has proved, on the whole, quite as 
expensive. 

T/ie Sandwich System. — Mr. "W. Bridges Adams put 
down, seven years ago, on the Eastern Counties line, a 
short distance of track wherein the rails were supported 
throughout their length by side timbers 7 inches wide, 
bolted through, the timbers forming a bed of 16 inches, 
resting on the ballast. The common 6-inch rail was used. 
There was no deficiency of vertical strength, and hence the 
plane of the rail was preserved, and the timber was not 
found to crush, there being no mortising or tenoning, and 
the timbers being on the sides of the rail, there was no dif- 
ficulty in removing them when necessary for renewal. And, 
being comparatively shallow in the ballast and not deflecting 
sensibly, the difficulty of drainage was diminished. This 
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plan, called the sandwich system, and now more largely 
used, overcomes the disadvantages of the ordinary longi- 
tudinal system. 

More recently, Mr. Adams has modified this plan so that 
it might better embody the peculiar advantages of the 
system ; and he and others have adapted it to the various 
circumstances of railway working. It is, substantially, 
a deep but light rail, suspended by the head between con- 
tinuous longitudinal sleepers on either side, the sleepers 
being bolted together through the rail, every 3 feet, 
and the two rails with their sleepers being tied together by 
iron rods or wooden ties, every 6 to 8 feet, to preserve the 
gauge. The side timbers may be a little shorter than the 
rail, allowing room for a separate fish-joint and preventing 
the necessity of separating the rail and the timbers when the 
rail is to be reversed. Or the side timbers may break joints 
with the rail and with each other, the fish-piece being en- 
closed by the same bolts that bind the timbers together. This 
is undoubtedly the better plan, as it saves extra bolts and pre- 
serves the continuity of the entire track. And long sections 
may be reversed at a time, which will prevent the necessity 
of disturbing many joints. 

The side timbers constitute the sleeper and rest directly 
on the ballast. This system embodies several distinct and 
important principles, viz. : 

The rail is supported immediately under the head, the 
load being taken off through the side timbers, whereby the 
central web of the rail is relieved from all lateral strain 
which would cause it to buckle, and (serving only as a 
stiffening keel) can be much deeper and thinner than 
the web of a common rail, which must sustain the entire 
action of the passing load. The rail weighs 70 pounds per 
yard, is 8 inches deep and i inch only in thickness. This 
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thill, deep rail has double the vertical stiffness of one 
3 J inches deep with a J-inch stem. . The rail is 6^ 
inches deep, with a f-inch web, and weighs but 60 pounds 
per yard. Thus these deep rails will not '' bend in detail '' 
or successively as the wheel rolls along, and wiU not, 
therefore, crush the timber. That this bending in detail 
actually goes on with low rails, the experience with the 
ordinary longitudinal system as well as the universal ex- 
perience with the cross-sleeper system, fully proves. The 
• bending crushes the timber, where a practically stiff rail 
would distribute the joressure over an extended surface. It 
is only by suspending the rail by the head and clamping it 
closely at the sides that it is practicable to employ « rail 
so deep as to be absolutely stiff under all loads. The side 
timbers also increase the stiffness of the rail about 
one-half. 

That the rail does not crush into the timber — even 
a common 6 -inch rail with a slight bearing surface 
— is abundantly proved by the fact that the wood and 
the iron absolutely rust together, and must be pried apart 
in order to be separated. An experiment of this kind on 
the North London line; similar results have been published. 
The timber suffers no mechanical depreciation whatever, after 
seven years^ service under a heavy and constant traffic on 
the Eastern Counties, North London, and other lines. One 
set of timbers has been known to wear out two sets of heavy 
double-headed rails, equal to four sets of oingle-headed id;/*^, 
and it is now attaclied to its third set. Therefore the timbei 
may be preserved from decay by any process which does not 
decidedly weaken it, with peculiar advantage. Cross sleepers 
on most American lines are mashed and mechanically 
destroyed long before they begin to decay. 

The whole depth of this superstructure would be but 5 
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to 8 inches — the depth of the rail itself; whereas, parts of 
the Great Western track are 13i inches deep from the top 
of the rail to the bottom of the sills. The stability of the 
superstructure is in proportion to the coincidence of the 
plane of support with the surface of the rail. The longi- 
tudinal system, as usually laid, rocks laterally, owing to its 
height above the support. Adams's plan is but little more 
than one-lialf as high. 

The motion of the trains over a sandwich track is ex- 
tremely easy and uniform. There is a feeling of smoothness 
but not of hardness and rigidity. The rail has a uniform 
and elastic bearing. There is, substantially, the same 
amount of metal at all points. Kigid joint sleepers by the 
side of flexible intermediates and anvil chairs and joint fas- 
tenings are out of the question. There can be no injurious 
rigidity. Since the stiffness of the structure ensures 
smoothness in the entire tread of the rail, the mere elasticity 
of the wood is sufficient to relieve all the jarring common 
to a less smooth but more rigid system. 

The timbers being bolted on the sides, can be easily 
examined, and, when necessary, easily renewed; a great 
advantage over the ordinary longitudinal system. 

While sufficiently deep in the ballast to be well supported 
in place, this system is not so deep as to give trouble in 
drainage. The ordinary longitudinal system, 13i inches deep, 
lying in channels of that depth, is difficult to drain, and the 
cross sleeper, if it has ballast enough at its ends to afford any 
adequate support, forms quite as deep a channel as the 
sandwich sleeper, which may, indeed, lie almost on the 
top of the ballast. 

The uniform depth and quality of ballast required between 
the rails, and the extreme width of ballast required for the 
cross sleeper system are unnecessary for this. The whole 
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of the bearing is immediately under the rail. In propor- 
tion as the superstructure is deep, so must the quantity of 
ballast be increased. This plan would require the same 
depth of ballast, beneath the sill, as any other system, but 
above the bottom, three to five inches could be used with 
Adams', where the ordinary cross sleeper road, as made in 
England, requires a foot. 

This is obviously the cheapest system known. The 
leading fact about it is, that by paying for one rail, two are 
secured. It gives two rails for the price of one rail of the 
ordinary weight. When the top is worn out, the track is 
simply reversed, and a new head is ready for service, having 
been preserved in the ballast, and not worn and notched by 
resting in chairs, as is the case with double-headed rails 
employed as usual. 

Less timber is required than in the cross sleeper system, 
because every part of what is employed, is utilised. The 
sleeper is a bearer under the load, and not at the end of a 
lever; and less ballast is required, as has been already 
shown. 

A modification of the wrought iron 7-inch beams now 
made, could be applied with this system. These beams 
now weigh 60 pounds per yard, and even this iron, suitably 
disposed, would fulfil all the conditions of strength. 

The same timber is employed for cross-ties to preserve 
the gauge. The side timbers average 7^ by 7f inches, and 
give 2 J square feet of bearing per foot of track forward, and 
take a little more timber than cross sleepers giving the same 
bearing. The side timbers are fastened with wooden tree- 
nails and keys. At the joints, a pair of dishing plates, 
preserves the stiffness at that point. At all other points 
in tlie length of the rail, the wooden balks clamp the sides 
of the rail. 
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Another of Mr. Adams's plans consists of an 8-incli 
rail f web, 75 pounds per yard, and supported by timber 
^i by 7i, dressed to shape. A cast plate, recessed in 
the timber, is used at each joint. Size of plate, 18 by 
6 inches, by | inch. Weight 22 pounds. The principal 
object accomplished by this plan is the elevation of the 
tread of the rail so far above the timber that room enough 
will be left for the flange of the wheels without grooving 
the timber. 

Mr. Adams's estimate for this plan is : (the English plan 
having double-head, with chance to reverse ; the American 
rail having single head.) 

Bearing surface on ballast 13,200 square feet per mile, single. 

„ „ of rail on wood 2200 „ „ 

Cubic feet timber, per mile 5867 

Vertical stiffness of rail 64 

Weight of iron 132 tons 9 cwts. 

One mile of American cross-sleeper system. Ties 2i 
feet centre to centre. 

Bearing surface on ballast 13,362 square feet per mile, single. 

„ „ of rail on wood 704 „ „ 

Cubic feet of timber, per mile 6336 
Vertical stiffness of rail 18 

Weight of iron 108 tons 3 cwts. 

Another of Mr. Adams's modifications, with a 6-inch 
rail, J inch web, 40 pounds per yard, supported in 
two balks, averaging 6 by 4} inches, has a pair of 
wrought-iron joint-plates at each joint, 1 foot long, 
and weighing 3 pounds each. This plan gives 10,560 
feet of bearing on the ballast per mile of single track, 
or 2 feet per foot of track forward. The rails have 
2,838 square feet of bearing surface on the sleepers per 
mile. The rails per mile, are 62 tons, 17 cwt., and the 
timber 4,400 cubic feet per mile. 

One of Mr. Adams's plans for forming a stiff founda- 
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tion with plank, consists of cross pieces of plank, 16 inches 
long and 2i inches thick, are placed under the whole 
length of the rail. Every 6 or 9 feet, one of these ][)lanks 
is carried across to the other side, to tie the track together. 
Beneath the planks is a keel, formed by lengths of planks, 
7 by 2^ inches. The rail is rebated into the upper 
planks, and the whole structure is held together by 
staple bolts : cast brackets are used at the joints of the 
rails. There are 4,470 cubic feet of timber, giving 14,080 
square feet bearing on ballast, and 2,640 square feet of 
bearing of rails on timbers. The upper timber, when de- 
cayed, could be easily slipped out at the sides. The whole 
would afford much vertical stiffness, the bearing surface 
would be near the rail, and the structure would be elastic. 
There is another mode, in which T-iron ribs, 25 pounds 
per yard, take the place of the vertical planking. This 
makes equal to a 6 5 -pound rail, with 3,150 cubic feet of 
timber per mile, with the bearings as above. 

Either variety of the sandwich system may be consider- 
ably simplified, if a superior quality of iron is insisted upon, 
by making the rail as nearly right angular under its head 
as it can be rolled, so as to prevent the necessity of dressing 
the timber to fit the shape, for instance. 

The groove for the flange may be very cheaply made by 
fitting a circular cutter in an ordinary wood planing 
machine and passing the timber through in the ordinary 
manner. 

It has been objected that this groove will fill with ice in 
winter, uponNorthern roads — because ice occasionally forms 
entirely across the road-bed between the rails, to a height 
which sometimes carries the wheels on their flanges and 
causes them to run off the line. Now, since the timbers 
would not necessarily touch each other within an inch or 
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more, at their ends, any rain or snow water would run out 
of the groove. It is possible, however, that the groove 
might fill with sleet which would gradually turn to ice, and 
thus lift the flanges. This can be only settled by experi- 
ment. The timbers may be trimmed should this prove a 
serious objection. The last-named plan — raising the tread 
of the rail high enough to clear the flange — requires a 
little more weight of metal, but it most effectually prevents 
trouble from ice, and it obviates the necessity of trimming 
or grooving the timbers at all. 

The only other objection to the sandwich system which 
has been mentioned, is that it will not last well without 
ballast. We never heard of any system that would. It is 
indeed true that a springy, mud-and-water road-bed ab- 
solutely requires a superstructure that will yield and ac- 
commodate itself either to churning the earth in wet 
weather, or to following the undulations it may have assumed 
when caught by the frost. On such a foundation the super- 
structure must either be light enough to ring and twist 
without permanent set and strain, or else it must be provided 
with hogging frames like a North River steamer, in America, 
so that it may transfer its bearing a hundred feet each way, 
till it can find enough bottom to carry its load without de- 
flection. And as road-beds approximate to this condition, 
they are likely to strain a stiff sandwich rail more than they 
would strain the common American deflecting chain track. 
Still, it is not probable that any such disadvantages, on an 
ordinarily good American line, would offset to any appre- 
ciable extent the decided and signal advantages of easy 
traction and the double life of the rail. A little ballast, 
however — half what would be required for a first-class 
cross-sleeper track — would add to those already named, the 
crowning benefit of cheap maintenance. 
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Here is another chance for the practice of tampering 
with standard improvements, and modifying and muti- 
lating them till their valuable features are entirely lost; 
and we expect to hear the sandwich system condemned by 
some " shrewd railroad men/* who will make an utter 
failure of some essentially different and absurd sandwich 
system of their own. To those who really wish to avail 
themselves of the long and successful practice in 
England in this matter, it is hardly necessary to repeat 
the fact that a deep rail, though not necessarily a heavy 
one, is absolutely necessary to the full success of this 
system. A shallow rail, supported under the head only, 
will deflect under each wheel and rapidly mash the timber, 
loosen its fastenings, and go to pieces. A deep rail is 
literally the backbone of the whole system. And it will, 
in all cases, be found highly economical to insure at least 
a foot of good clean ballast under the sleepers. 

There is no mistake about the excellence of this system. 
It is peculiarly adapted to America, as it furnishes an excel- 
lent track without the excessive u^e of iron — without re- 
quiring any more iron than is now employed in a second-class 
cross sleeper road. And, in this country, it is patent to the 
public. Its advantages may be briefly reviewed as follows : 

1st. Its first cost is less than that of a medium cross 
sleeper road, that is to say, a good American road. 

2iid. Its cost for maintenance can hardly be half that of 
maintaining a good cross sleeper line. 

3rd. Two rails are furnished at the price of one. 

4th. The firm, non-deflective, and uniform tread of the 
rail, decreases the cost of traction in like proportion. 

6th. The maintenance of rolling stock is decreased in the 
same degree, for similar reasons. 

It should be further ](:emarked, that the joint fastening 
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of a deep girder rail, like either of those contemplated or 
used in the sandwich system — that necessarily vexed 
question which can never be satisfactorily settled in 
case of shallow rails — is fully provided for. A fish- 
joint, deep enough to preserve the stifiness as well as 
the continuity of the rail, and situated between the 
nearly parallel tables of such a rail, so that it shall require 
but little pressure to keep it in place, certainly fulfils every 
attainable condition of a thorough joint as to lightness, 
cheapness, strength, durability, and elasticity. Thus cir- 
cumstanced, the fish-joint requires but sUght fastenings, 
since the strain is almost solely a vertical strain on the 
fish-pieces themselves, as girders resting on firm supports, 
and a tensile strain on the web of the rail. And when 
inclosed, two extra bolts, at most, are all that are required 
to hold it in place. Again, the only difficulty ever expe- 
rienced with a deep fish-joint, is the loosening of the nuts; 
in this case, the elasticity of the timber is found to keep 
the nuts tight, by constantly straining the boltheads and 
nuts apart, and creating a degree of friction against which 
they cannot easily turn. 

Dimp/eVs Longitudinal System, — One form of this system 
is a double or single-headed rail, supported both under the 
head and under the bottom flange by continuous longitu- 
dinal sleepers. With a deep double-headed rail, the extra 
depth of timber is quite unnecessary for both stiffness and 
for bearing of the rail on the timber. Whatever may be the 
theoretical opinion of American practitioners who have not 
observed the working of Adams's sandwich system, the fact 
is, that the small bearing under the head, in case of a deep 
rail, is quite sufficient. The rail and timber would hardly 
rust together if there was play between them. Therefore, any 
extra depth of timber not only requires more material, but 
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embodies the serious defect before mcDtioned, of top- 
heaviness. And if top-heaviness is prevented by deeply 
embedding the sleeper, good drainage will be impossible. 

But while Dimpfel's system is not likely to be a success- 
ful competitor of Adamses, it may still be a great improve- 
ment over the cross sleeper system with the common rail. 
The modification or adaptation of it, by Mr. Colborn, to 
joint sleepers, has abeady been mentioned. The deficient 
stifi*ness of a low rail is compensated for by an increase of 
bearing. A common American rail, then, which makes a 
moderately smooth and uniform track, on cross sleepers, 
would be certain to answer much better oii at least four times 
the bearing. The only serious objection to the plan for the 
ordinary pattern of rail, is the height of the rail above the 
base of the sleeper ; but this is not likely to ofl^set the de- 
cided advantages mentioned. It is stiU an improvement upon 
the Great Western longitudinal system, and its modification 
on some of the Southern lines in the United States. 

Season's Longitudinal System for street purposes has been 
long enough in use to prove its advantages over the cross 
sleeper system. It has some obvious features of simplicity 
over the sandwich system, but these are not necessarily 
advantages, because Seaton^s system requires a heavier rail, 
and therefore a larger first cost than Adams's, although 
when laid as it should be, it is unrivalled in surface, 
gauge, and economy of maintenance by any permanent 
way that has come under observation. A 90-pound 
rail has been employed with this system on part of the 
London and North Western and the Great Western 
lines since 1857. The saving in first cost, over a first- 
class English cross sleeper system, with an equally heavy 
rail, is said to be about £100 per mile. The cost of 
maintenance is estimated from data which are believed to 
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be authentic, as one-third less than that of the best cross 
sleeper system. Upon examination in 1869, after the 
passage of about 100 trains daily, for two years, the rails 
showed no abrasion at the joints, while the fastenings of 
the rails to the joints and of the longitudinal timbers to 
the ties appeared absolutely tight, and did not appear to 
have been repaired or touched since the rails were first 
laid. The ballast was not superior to that on several of 
the best American roads. Upon removing one of the rails 
from the timbers, the creosote on the latter did not appear 
to have been worn at all; the rail had taken an even 
bearing on the whole of the timber which it covered, and 
had neither moved upon nor crushed into the wood. The 
screws were all tight and the joint fastenings firm. In 
addition to the general excellence of the longitudinal 
system, this modification of it owes its peculiar advantages 
to the following features : — The sleepers have the greatest 
possible bearing on the ballast, 17 inches width being 
standard ; the whole structure is so low and has so broad 
a base that it has no tendency to rock ; for this reason it 
need not be deeply imbedded in ballast, and thus interfere 
with drainage; not only vertical, but lateral support is 
given to the rail by the sleeper itself in virtue of their 
respective shape, and independently of the other fasten- 
ings, which are merely to keep the rail from jarring out 
of place. The great feature on which these systems de- 
pend for their excellence, is evidently so much stiffness in 
the rail itself, that it will not bend "in detail or under 
each wheel, and thus mash into the timber. The unworn 
creosote on Seaton's timbers, and Adams's sleepers and iron 
rusted together, are absolute proof that no movement of the 
rail occurs — that it does not bend enough to mash into the 
timber, but only springs with the timber, just enough to 
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prevent jarring. The rail transfers its load to so much 
surface of timber that there is no crushing pressure at any 
point. But if the rail is so light as to yield at any one 
point more than the elasticity of the timber will allow, the 
timber must be crushed, and the chief advantages of the 
system are sacrificed. While Adams's rail may be very light 
and still sufficiently stiff, on account of the thin deep web 
admissible, Seaton's entire rail must be proportionately 
heavy. It does not make the most economical use of iron, 
however simple may be its fastenings. And for reasons 
already mentioned, it requires a fair amount of ballast, and 
would hardly do so well on a mud bottom as flexible straps 
of iron floated on cross sleepers. These points have been 
especially referred to in view of the fact that several Ame- 
rican managers, still bent on the suicidal policy of saving 
first cost, are proposing to lay a mere angle-iron after 
Seaton's method, affirming that so long as the sleeper has 
bearing enough, 60-lb. iron is sufficient. 

It would reasonably appear, in consideration of the prin- 
ciples and results mentioned, that the longitudinal system 
of permanent way, probably in the form of Adamses sand- 
wich plan, or, if sufficient first cost will be undertaken, of 
Seaton^s plan, will eventually supersede the cross-sleeper 
system; and that it will not only decrease the cost of 
traction and repairs, but happily settle the now vexed 
question of rail joints and fastenings. It is to be hoped 
that discredit will not be thrown upon these plans by the 
failure of '^ improvements '^ and modifications designed to 
save first cost. We know of no cheaper system. Jit to be 
used, than Adams's sandwich system. To construct cheaper 
permanent way than we now have, with the expectation of 
saving in the long run, is perfectly unreasonable. 
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CHAPTER III. 

RAILS. 

Iron and MANTJPAcruRE.^-Iron made during the past 
ten years has generally proved quite inferior to that made 
previously. In 1835, the rails for the Stockton and Dar- 
^ lington Railway were made to the following specification. 

j Best No. 1 coal-blast mine iron was, first, run out in a 

i finery fire ; second, puddled, and the balls shingled under 

i tilt hammers; third, rolled into bars; fourth, these bars 

I were cut, piled, heated, and hammered into blooms ; and, 

' fifth, these were reheated and rolled into rails. Por the 

I Leeds and Selby Railway, the iron was made nearly as 

above, viz. : Best No. 1 cold-blast mine iron was puddled 
and shingled into a bloom, which was cut and rolled into a 
* best bar. This was again cut up and rolled into a rail, with- 

out any intermixture of inferior iron. Such rails sold con- 
siderably above the prices of "best ** bar-iron. 

Most of the rails made during the past ten years have 
been made of hot-blast cinder iron, the tops and bottoms 
not always reheated, but rolled directly from puddle bars 
into rails ; recently, however, both English and American 
engineers are turning their attention to a better quality of 
iron.***" 

* The following is extracted from a specification made by the Eastern 
Counties Railway Company, some two yeai*s since, for 4000 tons of new 
rails : — ^* Each rail is to be made from a pile 9 inches wide and 9 inches 
deep, consisting of one bar of iron 9 by l| at the top and bottom. The 
intermediate bars not to exceed 1 inch in thickness, and to be alternately 
6 inches and 3 inches wide, so as to break joint. The pile is to be rolled 
at a welding heat into a bloom H Inches wide and 6 inches deep, which 
being again raised to a welding heat, is to be rolled into a rail. The bars, 
9 inches by 1^ inches, which fbrm the top and bottom of the pile, are to 
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The rails for the Royal Swedish, and for the Bombay 
and Baroda lines, are made much in the same manner. 
The tops and bottoms, of reheated iron^ are each made 
from a pile of puddled bars — the central bars being merely 
of puddled iron. The pile for the Baroda rails is 7^ by 
12i inches. That for the Boyal Swedish rail is 9 inches 
square. In both cases, the central bars of the pile are to 
go through, that is, to be of full length. The tops and 
bottoms are sometimes, however, specified to be 2 inches 
longer than the others. 

The size of the piles is to be particularly noticed. The 
following table will show the relative reduction in rolling. 
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Baroda Rail . . 
Eastern Counties 
Royal Swedish 
American Rail . 



Weight of 
RaiL 



Size of 
File. 



Lbs. 
66 
65 
62 
69 



Inches. 
74xl2| 
9 x9 
9 x9 
6 x6 



Area of 
PUe. 



Bq Ins. 
93-75 
81 
81 
36 



Area of 
Finished 

RhII 
Section. 



8q. Ins. 
6-9 
6-8 
6-6 
7-2 



Reduction 
of Pile in 
Rolling. 



13-6 to 1 

11-9 to 1 

12-5 to 1 

5 tol 



Thus the improved English rails receive from double to 
nearly three times the working given for the standard 

be manufactured from such a mixture of ores (being all mine iron), as 
shall produce the closest and hardest wronght-iron, and shaU be drawn 
from the puddle ball under a hammer, which shall be equal to a five- 
ton tilt hammer, into a slab 9 inches wide by 2 inches thick, which slab 
shall be heated sufficiently for its reduction to the required thickness 
of 14 inch. Tiie bars, of thickness not exceeding 1 inch, for forming 
the central part of the pile, are to be manufactured from such a mixture 
of ores (being all mine iron), as shall produce the closest and toughest 
wrought-iron, and shall be drawn from the puddle ball under a hammer, 
which shall be equal to a five-ton tilt hammer, into a slab or bloom of 
convenient form, the sectional area of which shall not be less than 20 
square inches, which slab or bloom shall be reheated sufficiently for 
its reduction into bars of the required thickness, not exceeding 1 inch. 
The use of cinder or cinder pig will not be permitted under any oir- 
cuuiBtancep. The rails are to be dipped while hot, in hot linseed oil, 
and are to be perfectly protected from tiie weather until this is done. 

K 2 
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make of rail now in use in America. The American 
rail is rolled direct from a pile 6 inches square — the im- 
proved English rail is rolled from the pile into a bloom of 
say 6 inches square, which is subsequently rolled into a 
rail. 

Within the last year, the Eastern Counties Railway 
Company has ordered rails to^ be guaranteed to last seven 
years, and to be manufactured in accordance with the 
general principles just mentioned. The price of these rails 
was little over £11 10s. per ton; meanwhile rails were 
selling in England for a trifle less than £5 lOs. per ton. 

Only a mill with heavy rolls and ample power can work 
piles from 9 to 10 inches square, but with piles of that 
size the rails would have more working on them and the 
iron would be made more dense. The same result would 
be approximated, however, by working a smaller pile into 
merchant bar, which might be cut and piled to make the 
rail. In the latter case, however, there would be a 
risk that the iron would not have enough cinder to 
weld well. 

The puddle-balls have been usually, squeezed, in English 
rolling mills, by means of "alligator squeezers." These 
have comparatively little power, and hence do not shingle 
the iron thorouglJy. The rotary squeezer not being in 
use in England (to any considerable extent) the tilt or 
steam-hammer is much resorted to, for shingling the pud- 
dled iron. The hammer is, undoubtedly, much better than 
the '^ alligator," but is not so efficient as the rotary squeezer. 

Should any of the rails laminate, break, or otherwise fail, within a 
period of three years from completion of order, the company will, at 
their own expense, take such rails out of the line, and the contractor 
bhaU be bound to exchange them for an equal quantity of sound rails, 
to be delivered when required, free of all cost, at the company's wharf, 
Blackwall, or the Peterborough station.** 
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The hammer requires considerable time to work the puddle- 
ball, during all of which the latter is cooling. The ball, 
when first taken from the puddling furnace, is below a fair 
welding heat, and thus the hammer does not have its due 
effect. The rotary squeezer does its work in a few seconds, 
and acts equally upon all parts of the ball, thus clearing it 
of much cinder. During observations made at a large 
American rolling mill, the puddled bars shingled by a 
hammer, showed a waste of 12 per cent, from the pig metal 
from which they were made. The bars, made from squeezed 
blooms, showed a waste of 14 per cent., showing that the 
squeezer had expelled 2 per cent, more cinder than the 
hammer. In re-heating this iron, for covers for rail-piles, 
the bars from hammered blooms showed a further waste of 
7 per cent., while those from squeezed blooms wasted only 
5 per cent. Charcoal blooms are too hard, however, for a 
squeezer, and must be shingled by a hammer. 

It will be observed that the wearing out of rails consists 
largely in the peeling of the top stratum of iron from the 
rest of the mass. Upon examination it will be found that 
there appears not to have been a sound and thorough weld 
between the stata. Since we know that a bar of superior 
iron is generally used for the "top of the pile from which 
such rails are made, while the rest of the pile was of an 
essentially different quality, we only observe a result which 
might have been predicted from the beginning — that metals 
which are not homogeneous cannot be rolled into a solid 
mass. There appears to be quite as much necessity for 
good iron in the interior as in the exterior strata of a 
rail -pile. 

Much attention is being paid to the selection of the pig 
iron for conversion into rails. Cast iron varies in strengtii 
from 9000 to 45,000 pounds per square inch — a wide 
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range, indicating the necessity for a careful choice of 
material. Good pig, honestly and thoroughly worked, 
will make a good rail ; and an additional expense of 90*. 
a ton in the manufacture of rails will give a quality that 
will wear twice as long, and hence be worth twice as much 
as the ordinary iron of the day. 

Weight op Rails. — The lighter the rail, the more 
thorough will be the working in it, for the reason shown 
in speaking of the sizes of rail-piles. The preference is 
now almost invariably in favour of lighter iron, as the 
heavy rails wear out soonest. It cannot be, however, 
because the rails are heavy, per se, that they go to pieces 
so fast — for the resistance of iron to wear and blows should 
be as its weight — for a similar quality in each case. It 
must be chiefly because lighter rails are better made, that 
they endure longer than heavy iron. The elasticity of a 
light rail, however, has sometliing to do with its durability. 

The 4 e5 -pound rails, made by the Ebbw Vale Company 
in 1837, for the Philadelphia and Reading railroad, have 
stood a wonderful wear. They were made similar to those 
already specified for the Stockton and Darlington line — 
their manufacture being superintended by Solomon W. 
Roberts, C.E., now of Philadelphia. The 64 and 68-pound 
rails, since laid do^ in their place, have gone to pieces 
Avith less than one-thir3 of the same wear. The old rails — 
perhaps partly crystallised by their long use — and certainly 
worked dry of cinder in re-rolUng, do not show their 
original superiority when reworked into heavy bars. 

In 1854, rails of 85 to 100 pounds per yard were con- 
sidered by English engineers to be the best. Since that 
time, it is found on the iJastem Counties line, that the 
95-pound rails made the worsf. road, were less durable, and 

\ 
\ 
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in course of time became the most dangerous — as compared 
with 7 5 -pound rails. The London and North Western officers 
report that there are many more failures bj breakage and in 
other ways, with the 82-pound rails than with the former 
56-pound rails. None of the 62-pound rails, laid in the 
Grand Junction line, in 1837, were taken up until after 
1849. The 80-pound rails then put down in place of the 
few removed, showed more wear after from twelve to 
eighteen months* use, than the old rails after twelve years* 
wear. The North London line, perhaps the heaviest 
worked in England, is having laid down 72-pound rails 
in place of those of 85 pounds, formerly used. The last 
rail — a fl pattern — ^for the Great Western line, is 62 
pounds per yard, in place of 72 and 92-pound iron, for- 
merly used. The South Eastern new rails are 65 pounds 
per yard — the old rails, 75. The Eastern Counties last 
pattern is of but 65 pounds, where one of 95 pounds 
was formerly used. The New York and Erie road has had 
rails of 58, 60, 63, 65, 68, 72, and 75 pounds laid 
down in place of 56-pound rails — the heavier iron almost 
invariably proving inferior. 

The most favourite patterns of rails on continental roads 
are of 62 pounds per yard. In France, the heavy English 
patterns formerly used are being replaced by lighter iron. 

Mr. Bidder has remarked, that the only way to get good 
rails was to contract for 85 pounds per yard, and to then 
arrange with the manufacturer to supply a better quality 
of 75 pounds per yard, for the same gross sum. 
The engineer of the London and South Western line, 
was offered, in 1857, new rails, delivered in London, at 
a price, while within twenty-four hours afterwards he was 
offered nearly as much for the old rails he had taken up 
after 19 years* wear. An American manufacturer, whose 
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experience has peculiarly fitted him to judge of the pro- 
portion of rails, when lately asked into what form he would 
dispose 70 pounds of iron per yard, replied, ''I would 
use no such amount in any form." 

The true course is in the use of the best iron, in moder- 
ately light rails. The cost jier ton is increased but by a 
comparatively small amount, while the durability may be 
doubled. One advantage of a light rail is, that its very 
size insures more thorough working being expended upon 
it. So, in all the lighter rails ordered for English roads, 
the quality is provided to be greatly improved. 

But recently, since American railway managers are 
getting into the fashion of using light rails, there is great 
danger of going to extremes. By decreasing the height 
and hence the vertical stiffness of rails to save weight, the 
bars bend in detail under each wheel, which greatly increases 
both the lamination and wear of the iron, and the resistance 
to the rolling of the wheels. To decrease the stiffness of 
the rail would be fatal to such systems as Adams' and 
Seaton's, for reasons already mentioned. 

Form op Rails. — The double-headed rail is adopted in 
England for convenience of fastening as well as for changing 
the wearing surface when one becomes worn. It entails 
the use of a chair on every sleeper, by which the cost of 
fastenings is much increased, and so, too, the bottom of the 
rail, bearing in cast chairs, becomes more or less indented^ 
whereby it is often made unfit for reversing. Either table 
or head of the English rail contains but little more iron 
tlian is placed in the foot of an American rail, and this iron 
is not so favourably disposed for vertical strength in the 
thin, broad, as in the thick, narrow base. 

The resistance of wrought-iron to extension and com- 
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pression, is as 90 of the first to 66 of the second. Hence, 
the head of a rail should be to its base (where it is not 
to be reversed) as 90 to 66. And the iron requires to be 
kept closely to the web, to afford its entire strength. At 3 
inches from the web it would do very little good unless, as 
in Mr. Brunei's 6-inch wide base, to prevent crushing into 
the sleepers. "With a rail of 2^ inch base, Mr. Barlow cut 
away ^ inch on each side, reducing the breadth to 1^ inch, 
when the strength was apparently increased. This, of 
course, was due to the slight inaccuracy of the hydraulic 
press used to make the experiment, but it showed that the 
strength could have been but inconsiderably diminished. 
The flanges are brought into use only by their lateral ad- 
hesion to the vertical web. Thus, while the base must be 
wide enough to prevent crushing into the sleepers, say 4 
inches at least — this width is only for lateral stability — not 
for vertical strength. 

But as tlie English rail obtains ample lateral support 
from the chairs, it can be and is made much deeper than 
American rails. A rail is merely an elastic beam, and the 
stifi'ness of rectangular beams is as the cube of the depth — 
doubling the depth increasing the stiffness eight times. 
The flanges on the rail somewhat modify this result. 

If a rail deflects, the wheels must roll up a grade. 
Professor Barlow* found, in experimenting with the 
rails of the London and Birmingham railway, that 
the descent obtained by the deflection of a rail between 
any two fixed supports, gave no advantage of gravity, 
and that as much extra power was required as would be 
due to tlie ascent of a grade, equal to the slope of the 
deflecting surface, for one half of each bearing of rail, or. 



* Barlow on the Strength of Materials, 8vo. 

K 8 
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in other words, half of the deflecting slope for the whole 
length of line. 

That rails do deflect is proved by the oozing out of mud 
from under the sleepers in wet weather, and the continual 
product of dust in the same place, in dry weather. The experi- 
ments made some years ago, on the Camden and Amboy rail- 
way, showed the deflection of an ordinary rail under theweight 
of a 20-ton engine, at passenger-train speed, to be equal to 
a 45-feet grade against the wheel. Professor Barlow found 
the deflection of a 50-pound rail, 3f in. deep, 3 ft. bearing, 
under a load of 6 tons at rest, to be equal to a 25 feet 
grade ('084 in a span of 36 inches). This would be in- 
creased from 50 to 100 per cent, with the same load at 
rapid speed. The experiments of the Parliamentary Com- 
mission on the application of iron to railway structures, 
showed in one case, where the load traversed at 30 miles an 
hour, an increase of deflection of 150 per cent, over that 
observed with the load at rest. 

These were with the rail firmly supported by the 
sleepers. But the deflection of rails is as the distance 
between supports, and hence, if one sleeper should fail 
to give support, the span of deflection would be doubled, 
and the deflection itself also doubled. If two contiguous 
sleepers should yield so as to give no support, the deflec- 
tion would be increased three-fold. 

With American shallow rails, in case of trains at rapid 
speed,"^ and the sleepers not always giving full support, a 

* It is perfectly established that the deflection of beams, when the 
load is ill motiou, is greater tlian with the same load at rest. Professor 
Barlow found that 6500 pounds' weight on a single driving wheel of an 
eugiue deflected a 45-pound rail, 3 feet bearinga, *12 of an inch when 
at rest, and *177 inch, equal to a grade of 52 feet per mile, at 20 miles 
an hour. The Parliameotary Commission, on the application of iron 
to railway structures, demonstrated the same fact. The effect of pac- 
ing rapidly over ice, so often instanced in this connection, is not to the 
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heavy grade is continually opposed to the passage of American 
trains. This must absorb much power, for, as l\as been men- 
tioned, there is no advantage derived from the descent of the 
deflecting slope, above the loss by the irregularities, so 
that the ascent of the opposing slope represents a total 
loss of power. All that part of the deflection caused by 
the failure of the support of the sleepers, is chargeable to 
a bad construction or bad maintenance of road-bed. The 
remainder is due to the rail itself. The excess of power 
required to work the traffic of American as compared with 
English roads, corroborates this view. The former roads 
oppose the most resistance. 

Depth being so important an element of stiffness, the 
lighter I rails now being put down in England, are of the 
full depth — 5 inches — of the former heavy rails. The 
reduction in weight is in the head and stem. 

But if stiff rails are used, and they are not perfectly 
straight, or curved correctly in curves, and if the road-bed 
is not smoothly maintained, a fair amount of ballast being 
a condition of good maintenance, they will make a hard 
and rigid line, and will be rapidly spht, besides doing much 
injury to the machinery. A hght rail, once bent, will ease 
itself by its elasticity. A stiff rail, once out of line, will 
give and receive a blow. The Camden and Amboy line 
was laid partly with 7-inch rails, 92 pounds per yard. 
They proved too rigid, while from their great weight 
and the difficulty in rolling them, it is probable that 
they were inferior in quality. Rails of 4^ inches depth 
are being now put down on the same line with much 
success. 



poiut Ice does not represent an elastic beam with remote supports. 
It is supported uniformly by the water, and time is required to di:»* 
pUce tliia 
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It is to be remembered that all the iron which has stood 
such heavy traffic on English roads, for from 12 to 20 
years, was from 4i to 5i inches deep — mostly 5 inches. 

Depth is, among the considerations of form, very gene- 
rally overlooked. On the other hand, there are certain 
popular opinions as to the form of rails which examination 
fails to support. One is that the steep '^ pear-head '^ is 
essential to strength, and another, that a very thin head and 
flange necessarily compel the use of the best iron. 

The only possible use of a heavy pear-head is to prevent 
the edge of the rail from breaking down. Any more iron 
than is necessary to prevent such failure, is thrown away, 
as the iron is not in a place to assist the strength of the 
rail. The steep pear-head of the Buffalo, Corning, and 
New York road, and others, are rarely seen on an English 
road. If the iron in the head is sound, a very thin head 
is enough to prevent breaking down on the edge. This is 
proved as follows : 

The head of the old Eeading 4. 5 -pound rail, which stood 
^n^normous traffic for 20 years, although very light, did 
not break down. It was made of the best iron. The edge 
of the head, after use, permanently deflected downward, the 
section being taken from the worn rail — the dotted line show- 
ing the original form. This shows that there was an advan- 
tageous elasticity in the iron of the head of the rail. In the 
Camden and Amboy old rail, after many years^ use, 
the head, although very thin, did not break down as the 
iron was good. With the rail of the Boston and Lowell road, 
after having been run nearly two years on the bottom flange, 
it was found that the edge had taken a set of nearly J inch, 
without, however, breaking down. It has since run nearly 
four years more, the trial having commenced in the Autumn 
of 1854. 
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For very heavy English rails, the head is comparatively 
light — rarely averaging more than Ij inch in depth, the 
inner corner, where the head unites with the stem, being 
a curve of short radius. As a general principle, the 
better the iron, the lighter may be the head of the rail, 
without danger of breaking off ; and reciprocally, the lighter 
the head, the greater the probability that the iron will be 
well- worked, and consequently good. 

It may be mentioned that many American roads are 
already availing themselves of this principle. The Boston 
and Worcester rail of the last pattern, is light under the 
head, similar to the old Harlem rail. The Michigan Central, 
new rail, is also very light under the head. The best rail 
ever laid on the New York and Harlem road, was put 
down 12 years ago, and has since sustained a very great 
wear; it was quite light under the head. That of the 
Cleveland, Columbus, and Cincinnati road was, together 
with Adamses bracket-joint, taken substantially from the 
design made by the author. This rail and joint, now 
in use on a fairly ballasted and drained road-bed, con- 
stitute one of the best sections of railway track in the 
United States. 

But, on the other hand, a light flange does compel the 
use of good iron. Bails have been often laid out with very 
thin head and foot, with the express purpose of compelling 
the use of the best material. The designers did not know 
the character of iron, however. While good iron is likely 
to be improved by working it down to small dimensions, a 
very deep thin flange can be easier rolled from cold-short 
iron than from tough red-short. And such a flange offers 
a temptation to use brittle iron. The security from cinder, 
sought by means of a thin flange, is quite balanced by the 
exposure to the risk of cold-short iron. They must kfiow 
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that the iron is originally good, and then put it in such 
shape as shall insure thorough working. 

The width of head of English rails is generally 2i inches 
— some are shown 2i inches, some 2^ inches. Consider- 
ing that the top is generally described with a radius of 5 
to h\ inches (or just the height of the rail itself), it does 
not make so much difference what the width of the Lead is, 
as the edge receives a bearing only when the sleepers are 
considerably worn. With newly turned tires, the bearing 
is theoretically but a point, although there is practically 
such deflection that the weight of the driving wheels of an 
engine, rolled upon a piece of gold-leaf, incorporated a 
portion of it as large as a sixpence, into the surface of the 
head of the rail. 

Although rail iron crushes under a pressure of about 8 
tons to the square inch, and although a wheel can bear 
theoretically, on but a point on the rail, yet the elasticity 
of the metals in contact may, without crushing, afford a 
bearing of measureable base. Suppose a 5-feet driving 
wheel to bear on a geometrical point merely on a plane 
rail — at a distance of half an inch on each side of this 
point, tlie wheel would be only '0041 of an inch clear of 
the rail. This distance is about the same as the thick- 
ness of a sheet of the paper on which this book is 
printed. Were the tire and the rail to yield each one 
half of this — which both could probably do without 
crushing the fibre of the iron — a full bearing of one 
inch would be had : while an equal amount also would, 
probably, be obtained in the width across the rail, thus 
making a full square inch. 

Almost inappreciable as this compression appears to be, 

it would, nevertheless, represent a grade before the wheel, 

qual to 43 feet per mile ('5 inch -r- -0041 = 122) ; or 1 
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in 122. If the actual contact was tot ^ inch on the railj 
the resulting grade would be 22 feet to the mile. As the 
mere rolling friction of railway engines and carriages is 
nothing like what would be due to the gravity on either of 
these ascents, it is thus probable that the surface yields 
(to be restored by elasticity), under a very moderate pres- 
sure, and to a certain depth. The tendency to further 
yielding decreasing rapidly with great comparative extension 
of the bearing acquired, the compression is not such as to 
oppose a decided resistance to the rolling of the wheel. 
This compression is quite independent of the deflection of 
the rail as an elastic beam — the distinction can be under- 
stood by hanging a weight by a thin wire to a wooden 
beam ; while the whole beam will be deflected, the fibres 
under the wire will be compressed or indented in addition. 

Before concluding these remarks on form of rails, it 
should be observed that a high rail, moderately square 
under the head, is the best adapted for splicing at the 
joints. The ordinary American rail can never be well 
fished. It is so shallow that when the splices are 
punched for the bolts, the greater portion of their strength 
is gone. The under side of the head of the rail, also, is 
so steep that the splice cannot obtain a bearing sufficient 
to afibrd any considerable stiffness, except by a strain on 
the bolts beyond their strength. 

Length of Rails, — ^English rails are usually 18 feet in 
length. Many have been made as short as 15 feet and 
] 6 feet. Lately, the length is being made 21 feet. On 
the Manchester, Sheffield, and Lincolnshire railway, rails 
of 30 feet have been extensively used. The Ehymney 
Works once made a Barlow rail, 62 feet 6 inches long 
for the Paris Exhibition, but it is not probable that such 
masses of iron can be either economically or soundly rolled. 
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Several long lengths of rolled iron have been made in the 
United States — iron was rolled at Troy for the Collins 
steamers of over 60 feet length, from piles of over 700 
pounds. Wrought iron rafters have been rolled at Phoeuix- 
ville. Pa., for the U.S. Capitol, 51 feet 2 inches long. Bails 
30 feet long are now in large quantities rolled at several 
American mills. "With the present appliances for making 
rails, piles of much over 500 pounds' weight are not likely 
to come out perfectly sound. Therefore, however desirable 
longer rails and fewer joints may be, these results seem to 
conflict to some extent, with the soundness of the bar. 

Ee-rolling Eails. — Whether re-rolling old rails will 
result in a new product of good quality is entirely circum- 
stantial. It can be told by working a sample of the iron, 
and in no other way. This subject is of very great import- 
ance to railway companies, and yet the most contradictory 
opinions exist in regard to it. Some say, without any 
qualification, that old rails should work up into the best 
quality of new iron — others, that they are all utterly worth- 
less for re-working into rails. The officers of many roads 
go so far as to accuse iron-masters of retaining old stock, 
sent them for re-rolling, and putting off their customers 
with raw iron. Now, the principles upon which old iron 
is re-worked are perfectly simple, and if understood will 
often save much money as well as hard feeling. 

The iron of commerce is never pure. It is an alloy of 
iron, carbon, silicon, sulphur, phosphorus, manganese, 
aluminium, &c. These foreign elements in proper propor- 
tion and mixture, form the cinder of the iron — without much 
cinder the iron is " burnt," and can never weld. In pig 
iron, these elements are in excess — the carbon so much so 
that the iron may be melted, as in ordinary foundry opera- 
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tions — whereas, when the iron is decarbonised by puddling, 
it only becomes malleahle under a high heat — ordinary 
"wrought'' iron. Not only is wrought iron chemically 
the same as cast iron, except in the proportion merely of the 
foreign matters, but wroughtriron, at every successive 
" working ^^ or refining, while otherwise chemically un- 
changed, loses more and more of these foreign matters. 
Just in proportion as the cinder is worked out — or the 
purer the iron becomes — so will the iron be made softer and 
more fibrous, and at the same time become more difficult 
of welding. Iron with excess of cinder, although it is 
" raw,'* welds without trouble — provided there is neither 
copper nor zinc in it, nor an excess of sulphur. On the 
other hand, while a single old tire will d/raw ^otm into the 
most excellent bolt iron, a pile of ojd tires, laid up in a 
heating furnace, would weld with some difficulty ai^d irre- 
gularity, and if worked into a new engine-tire, would be 
quickly shattered to pieces. 

Eails rarely wear out — ^they laminate or crush in the 
majority of cases. Where they laminate, it proves that 
they are not thoroughly weld^d^ although crushing may 
occur from too much cinder, worked irregularly into the iron — 
and it often occurs from decay of cross-ties or bad ballasting. 

Sound welding of the rail-pile being so necessary to form 
a good rail, it follows that only such iron as has sufficient 
cinder, uniformly distributed, can be depended on to weld 
well. In re-rolling old rails, it is thus entirely circumstan- 
tial whether the product will be a sound har — although the 
iron itself will be improved in any case, and as a bolt, or a 
tension rod, would be stronger than before. The whole 
distinction is that between good fibre and good weld, and 
this distinction may be very wide indeed. Cast iron has 
the least fibre and the best weld. 
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The first thing to determine is, whether the old rail will 
weld readily. K the old rail was raw and cindery, it wiU 
be improved by re-working, and if worked enough, will in- 
fallibly make a good rail. But if, on the other hand, the 
old rail is of highly refined iron, such as the original 
Ebbw Yale, or "E. Y" rails, it will not weld in re- 
working, and the product may go to pieces in three months 
under ordinary traflc. 

This, although at first sight paradoxical, is really very 
simple. For while it amounts to the fact that an originally 
poor rail will, if not cold short, make a good rail by suflcient 
re-working, and that an originally very good rail will make 
an inferior rail by re-working — the reason is clear — the 
first was not worked enough to secure a good Jlbre — the 
second becomes worked too much to secure a good loeld. 
Most of the very superior rails, laid down in America 
above twenty years ago, when re-worked into new rails, 
without liberal intermixture with new iron, have failed for 
the reason assigned. On the other hand, it might be ex- 
pedient, in the case of very cindery old rails, to heat and 
hammer them into blooms, to be re-worked into bars for 
the rail-pile. 

The Phcenix Iron Company's Process. — An impor- 
tant improvement in the manufacture of deep rails and 
girders with wide flanges. A tough red-short iron is likely 
to be unsound when squeezed from a solid square pile into 
the thin edges of a girder; for this reason the pile is 
made to assume the external shape and the proper arrange- 
ment of fibre of the finished product. The top and bottom 
parts of the pile are separately formed ; the bars intended 
for the web are then keyed into place, so that the pile shall 
hold together under handling, and the whole of the iron 
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is then equally compressed between the rolls. Not only is 
the product made sounder, but its manufacture is cheapened 
by this process. And since the excessive squeezing re- 
quired to change the general shape of a square pile is 
unnecessary, a heavier pile may be managed in the rolls, 
and longer as well as sounder rails may be produced. 

The Tubular Rail. — The full-sized tubular rail of Mr. 
E. W. Stephens, as made at the Crescent Iron Works, 
Wheeling, and the various stages of its manufacture. 
It will be observed that, while substantially the ordinary 
pattern of X rail is preserved, it is lightened by the amount 
of iron left out of the head. By reference to the respec- 
tive stages of the rolling process, it will be observed that 
the metal is more thoroughly compressed than the solid 
pear-head can be; more cinder is consequently worked 
out of it, and the metal is left comparatively dense, sound, 
and pure. The shrinkage of the hollow rail is observed 
to be IJ inches less, after coming from the rolls, than 
that of the solid rail of the same weight, for 30-feet 
lengths, which indicates the purity of the metal, to some 
extent, althougli the temperature of the tubular bar is 
less than that of the solid bar, upon leaving the rolls. 
Experiments farther show that the tubular rail has more 
vertical stiffness and more elasticity than a solid rail of the 
same exterior dimensions. The greater density of the 
hollow bar would tend to promote its durability. This rail 
is now on trial ; wliile opinions based upon some two years' 
use of it are generally favourable, it would be impossible to 
pronounce finally upon its merits. 

The Co]stinuous Rail. — Various patterns of the con- 
tinuous or compound rail are seen in its history on the 



212 PERMANENT WAY. 

New York Central Railway, where it has been thoroughly 
tested, and on other American lines, has been as follows : 
— The compound head of the rail, although presenting, 
for a few months, the best surface ever known on an 
American track, soon failed from the following causes : 
and when failip'e commenced, it was rapid and total. The 
wheels, worn concave on other rails with a narrower tread,* 
ran on the two sections of the compound rail alternately 
and did not always take a fair bearing on both; hence 
the wear was excessive. The lamination of the inside 
edges tended to sunder the two parts ; and the action of 
frost was to strain or break the rivets and separate the 
sections of the rail. The next plan of continuous rail 
remedied the first difficulty mentioned, by providing a con- 
tinuous base, but the abrasion of the head and foot at these 
points of contact, in the absence of a rigid connection be- 
tween them, soon destroyed the rail. But the wear and 
tear of machinery, according to the testimony of the engi- 
neers of the New York Central, was considerably reduced 
by the superior smoothness of this rail. How much, is 
not definitely stated. It was therefore deemed advi- 
sable to make farther use of some form of continuous rail. 
Mr. "Vfinslpw, of the Albany Iron Works, then introduced 
what seemed to embody all the practicable features of the 
continuous system, and which has been quite extensively 
employed, with results, which, though obviously superior 
to those of the common American system, are not reported 
with accuracy. There are, however, certain principles bear- 
ing on the qase, which establish the advantages of the con- 
tinuous rail for certain purposes. These have already been 
referred to in speaking of elasticity of permanent way and of 

* All wheels, in fact, will wear copcave^ without the tread of the 
rail is as wide as that of the wheel. 
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the longitudinal system. The continuous rail embodies some 
of the advantages of the latter system. A deep rail can ob- 
viously be fished in a more durable and economical manner 
than by making the whole rail in two parts ; but such a rail 
requires a well ballasted road-bed, for if supported by au 
uneven or yielding bed, its points of ultimate support will be 
so far apart as to cause the rail to permanently bend; thus it 
will be both rigid and rough — the worst possible condition. 
A low and more yielding rail, however, will adapt itself to 
what bearing it can get ; being flexible to a greater degree, 
it will follow the undulations of an uneven road-bed, and it 
will at the same tiine be shghtly elastic, because it will 
bend in detail or under each wheel, and it will not be both 
rigid and rough, like a deep rail on a poor road-bed. 
Either a flexible rail or a tolerably good road-bed, appear to 
be necessary to any degree of econominal working. Of 
course there can be no comparison between the intrinsic 
value of these two plans — a deep rail on good ballast, and 
a flexible rail on sand or soil, or whatever road-bed is con- 
veniently made. But if railway managers either cannot or 
will not perfect the beds of their roads (and we are sure 
that many of them would do so, if directors and share- 
holders did not insist on dividing all the money as fast as 
it is earned), the most reasonable thing they can do is to 
secure the best form of light flexible rail. But the first 
defect of the common low rail is quite as serious as that 
sought to be avoided by the use of a low rail, viz., the 
want of continuity and stiffness in the joints. For reasons 
already mentioned, continuous' and uniform elasticity is 
especially important on an indifferent road-bed ; therefore, 
anvil-chairs, or large masses of metal or even timber at the 
joint, are certain to cause more rapid deterioration at the 
ends of the rails than at any other points. It is simply 
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impossible to fish, the joints of low pear-headed rails ; any 
cheap method of preserving their stiffness, necessitates a 
large mass of metal and consequent rigidity. The most that 
can be done at small cost, is to preserve their continuity — ^to 
bring both ends down together. Therefore the common low 
rail cannot be economically jointed in any manner which will 
not compromise the result aimed at, viz., uniform elasticity. 
Tlie continuous rail is a compromise between these almost 
irreconcilable elements — continuous stiffness and continuous 
elasticity. It does not preserve the entire strength at the 
joints, but it prevents much deflection, and it preserves 
the continuity of the surface, that is to say, both con- 
tiguous ends of the parts of the rail yield together, so that 
severe hammering by the wheels is prevented. And the 
weight is the same at all parts, so that the elasticity is 
uniform. The price of the continuous rail is above that 
of a solid rail of equal weight. This makes the joints cost 
a trifle more; and the history of joints costing no more 
than this, has not, we believe, proved them to be superior 
to those furnished by the continuous rail. 

Hard Rails. — The first requisite in a rail is soundness* 
If this is secured, the head may be made hard and the 
durability increased. But there is a risk, in attempting to 
unite hard and soft irons, that the weld will not be secure. 
Different irons bear different degrees of heat. The hard 
iron may be at a welding heat in the pile, while the soft or 
fibrous iron is yet below its own welding heat — or, while 
the latter is ready to weld, the former may be burning. In 
either case, the union of the iron is imperfect. Hard headed 
rails have been found to split or peel off, on English railways 
— Barlow's saddle-back rail was especially troublesome in this- 
vay. Uniformity of iron is important to secure soundness. 
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The Ebbw Yale Works has turned out specimens of rails, 
raade from steel produced by the Uchatius process. The 
quality of the steel is pronounced to be equal to that used 
for razors. 

The heads of rails are being artificially converted into 
steel by D odd's process of case-hardening. This is being 
practised on rails for crossings and about stations. Switches 
are being very generally steeled in the same manner. The 
cost of converting rails by this process is about £2 per ton. 

It is not the practice in England to roll the steel into 
the rail-pile, as has been done, to some extent, in the 
United States, without much success, since the hard material 
peels from the soft, for reasons already stated. It is pro- 
bable, however, that puddled or semi-steel, possessing so 
much of the nature of iron, together with its steel qualities, 
can be rolled so firmly upon iron that it will not peel. By 
this process, the cost of steel-headed rails may not be greater 
than that of iron rails, since less material will have equal 
strength and stiffness. 

Conclusion. — The present movement as to rails turns 
chiefly on a better proportion of bar and a better quality of 
iron. It has been customary to waste twelve tons of iron 
per mile, worth £140, under the heads of our rails, for no 
other reason than that such inferior iron was used as to 
crumble down on the edge. 

All the iron put in rails should be worked to double the 
amount generally practised, and while the whole cost might 
be increased one-third, the wear of the iron would be fully 
doubled. Experience has proved this again and again. 
English roads are taking up this reform in earnest, and 
some are paying above twice as much for their iron as the 
cuiTcnt prices of ordinary bars. 
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CHAPTEfi IV. 

RAIL JOC^TS. 

This subject has alreadj been referred to, in some detail, 
in discussing the different systems of permanent way.* 

It is proposed to classify the various plans of joints and 
fastenings^ and to refer to the principles and general results of 
each class. Since it has already appeared that the fish- 
joint — a simple splice between the upper and lower tables 
of the rail — is at once the most effective and economical 
method of jointing deep raUs^ and that deep rails are a 
necessary feature of the best permanent way; and since 
most of the other varieties of rail joints, besides the fish- 
joint, have not been long enough in service to warrant 
definite conclusions as to their respective merits, it is not 
proposed to go into a detailed discussion of their principles. 
All attempts to make satisfactory and thorough work in 
jointing our low, pear-headed rails, must result in eking out 
an intrinsically bad system of permanent way. 

Classification of Joint Fixtuees.-^AII fixtures at the 
adjacent ends of rails may be classified as simple chairs, 
splice of fish-chairs, and simple splices. The chairs merely 
give increased bearing on the sleepers (but rarely enough 
to prevent the mashing of the latter), and hold the rail 
laterally, but they neither transfer the stiffness of one rail 
to the next, nor preserve the continuity of the surface. 

• See Report on the ** Elasticity of Fermauent Way," or Dempsey'a 
" Railway Engineer," 4to, 1855. 
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They simply transfer the bearing of a projecting and de- 
flecting rail-end to a single sleeper, which itself has not 
bearing enough on the ballast to support the load. The 
splice-chairs give the rails a seat, preserve their continuity, 
and may, but do not necessarily, preserve their vertical 
stiffness. They also hold them laterally. Splices simply 
preserve the continuity of rails, and may or may not pre- 
serve their stiffness. 

1. The simple chair makes a very poor road, and is very 
extensively used because it is cheap. No chair at all would be 
cheaper and not much worse. This pattern of chair is some- 
times made so heavy as to bring down both adjacent rail ends 
at the same time, or to preserve the continuity of the surface, 
when it fulfils the condition of a splice to a certain extent, 

2. Splice-chairs are of three kinds : 1st, Sleeve or 
long lipped chairs — solid pieces not capable of taking 
up the lost motion caused by wear, and not stiff 
without deep vertical webs or ribs. When long or rest- 
ing upon two sleepers, they have proved a better fiKture 
for low pear-headed rails than most of the adjustable 
chairs, since they require no attention, remain tighter than 
ill-fitted bolts and keys, give so large a bearing as to pre- 
vent much deflection, and in any case allow only a slight 
vertical play between the rail ends. One device adds 
the advantage of the sleeve chair to those of the 
splice; it preserves the continuity and may preserve the 
entire strength of the rail, without causing excessive 
rigidity ; the brackets forming the splice are welded 
to the bottom piece. Three* sizes of this joint are fur- 
nished ; of the largest size, the side and bottom pieces 
are respectively 18 and 15 inches long; of the second 
size, IG and 13 inches long, and of the third, 14 and 11 
inches long. 

L 
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2nd. Bolted chairs, of which there are many varieties ; 
some of those patented here were long before patented 
in Europe. Their leading trouble is shaking loose. 
Without expensive jBtting, nuts will jar off. They there- 
fore embody many devices for securing the nuts, but the 
longer English experience has proved larger and better 
bolts and nuts cheapest in the end. They are of several 
classes, those which gripe the foot of the rail only, and 
preserve its continuity but not its level, since the iron used 
is mostly in the neutral axis as to strength. Some have 
deep bottom-ribs and are very strong, but they bring the 
strain primarily on the bolts and nuts. Another class is a 
modification of the fish-piece, between the tables of the 
rail; it does not bring all the strain on the bolts, since 
these only hold it laterally in place, the web of the rail 
taking the strain of supporting the wheels. Both the fish 
and chair are sometimes in one piece, bolted laterally to the 
rail. The best modification has proved to be the Adams's 
bracket, which gives a fish and a bearing at one or both 
sides of the rail, on the sleeper. A single bracket-joint 
applied with a Z shaped rail, has some obvious advantages. 
Tlie bracket gives ample steadiness and lateral support to 
a deep, double-headed rail. The pecuKarity of the spike 
head and the nut fastening will be observed. In several 
cases, the sleeve-chair and the fish-joint are used together. 
The Camden Amboy ring-joint, on a chair, and some of 
its modifications, also raised sides of a chair to form a 
fish, and to carry the wheel over the break, are in excep- 
tional use. The wooden splice alone is valuable for lateral 
support of the joint, and better than nothing for vertical 
stiffness. One great advantage of wood, in connection 
with bottom or side plates or both, is, that nuts resting 
against it wiQ not easily loosen, by reason of its elasticity. 
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The best wooden joint in use, which is comparatively 
smooth, elastic, and durable, is ordinarily made thus : the 
bottom timber is 2 by 8 inches, and 2i feet long ; the side 
timber 3J by 4 inches, and 2^ feet long. The iron chair 
weighs 6 lbs., the bolt and nut, IJ lbs. ; 2 bridge spikes, 
9 inches long, take the place of 6 spikes. The whole costs 
about 2*. 8d. per joint. Another joint in use consists of a 
3 3 -inch bottom-piece, resting on two sleepers, a 36-inch 
side-stick, and a 17-inch iron fish-piece secured by two 
bolts. 

3rd. Keyed joint-chairs are of nearly the same varieties 
as bolted chairs. Their grand defect is, that iron enough to 
prevent their splitting, as the key is driven, will give them 
an anvil-like rigidity. Wedges or keys under the rail, 
between it and the chair, if of wrought-iron, may be light, 
and are very effective as to continuity, though they give 
very little stiffness. Wedge fishes, or fishes fastened by 
keys, or held in place by longitudinal bolts, all tend to pry 
open the chair, and involve very great weight and rigidity. 

The stiffness of all joints which gripe the foot of the rail 
only, has been found to depend on their length and their 
individual stiffness. Sufficient cost will make a good job, 
but no cheap, light structure will answer, although a de- 
vice which will bring both adjacent ends of the rail down, 
when one is depressed, is found to prevent much lamina- 
tion. The value of the fish principle depends mainly on 
the shape of the rail. If this is high, the high splice of 
fish it allows will be stiff, and if square under the corners, 
the splice will bring little strain on the bolts or keys, and 
will hold fast in its place. Mr. Adams has proposed to 
employ pieces of old, laminated rail, for bottom splices. 
His method of fastening them is obviously impracticable. 
The use has been suggested of long gibs or troughs of 

L 2 
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rolled iron to hold the two rail flanges together, these gibs 
^o be prevented from sliding off the flanges of the rails by 
pins put through them and the flanges. The plan is on trial. 

A form of splice-chair, neither keyed nor bolted, has 
been but lately put down. The Adams bracket hooks 
at the bottom of the rail, upon a sleeve-chair or bottom 
piece, so that when the joint tends to settle, the least 
downward motion hugs the fish part into its place, and 
draws the o])posite lip of the bottom-piece close upon the 
foot of the rail. There are no nuts nor keys to jar loose, 
and the weight of the train tightens the joint. 

Simple fish-splices are used upon and between sleepers. 
The suspended joint is too elastic with a low rail and bad 
ballast, while the joint on a sleeper, without a uniformly 
smooth road-bed, is too rigid. The general principles of 
the bolted splice chair, as mentioned, apply also to the 
simple splice. A wedge-splice, held laterally in place by 
projections, formed upon the bottom of the head and the 
top of the foot of the rail has proved valuable as far as 
used. 

The excellence of the fish-joint in all cases where rails 
are deep and nearly square under the head is obvious. The 
tensile strength of the web of rail itself resists the down- 
ward pressure of the wheels, that pressure being transferred 
through simple plates of iron standing on edge. All that 
is required of the fastenings of the splice is to hold it 
laterally in place, and if the rail is nearly square under the 
head, only sHght fastenings are required — in fact, the splice 
would remain in place without fastening, while the weight 
was upon it. If the splice is at any other point than 
between the upper and lower tables of the rail, ii^fastenings 
have to resist the weight of the train. 

It was originally intended, when the fish-joint was pro- 
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posed in England, to employ two sleepers six inches apart 
at the joints, and to drive a plate, a little wedging, between 
the jaws of the two chairs and the side of the rail, covering 
the joint equally on each side. This was never adopted, 
but instead, the sleepers were removed, say 12 inches, each 
way from the joint, and a pair of plates, say 18 inches long, 
three by | inches, bolted together through the rail by four 
f or |-inch bolts, an allowance being made by oval bolt-holes 
for the expansion and contraction. The fish-joint, upon 
this general arrangement, was designed by W. Bridges 
Adams in 1847, and has been applied throughout the 
London and North Western, the Eastern Counties, and 
some other lines. It is being extended to the London 
and South Western and others. The French are beginning 
to adopt it. The Indian and the royal Swedish railways 
have it down or contracted for. The fish-joint with key- 
bolts, was first used by Robert H. Barr, of Newcastle, Del., 
in 1843, but with the low American rail, it had soon to be 
discontinued. 

It has been stated, that the underside of the head and 
upper surface of the foot of the rails, require to be of a 
shape to afford a good bearing for the plates. In this 
respect, English rails are always superior to the common 
American pattern. 

The want of perfect fit, and of further provisions for taking 
up the wear oir the edges of the plates, has caused them, in 
some cases, to get loose. The nuts often tend to work 
loose — on some lines apparently to a great extent. The 
outward strain is such that, as soon as the nuts are loose, 
all support is gone. Much of whatever difficulty is ex- 
perienced, undoubtedly arises from inferior workmanship. 
The fish-plates, bolts, &c., are contracted for in large 
quantities at low prices, and the mechanical arrangement 
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is not responsible for consequences due to such causes. 
In punching jBsh-plates, unless care is used, they are apt 
to be swelled on the edges, opposite the holes. This may 
reduce, as it often does, the actual bearing to one-eighth 
its intended amount. The nuts are quite apt to be convex 
faced, by which their holding friction is greatly reduced. • 
The bolts are apt to be cut with a rough thread, by which 
their hold is greatly lessened. So, if the holes are not 
accurately punched in coincidence with those in the rails, 
the strain, especially when the rails alter their length by 
lieat, would naturally work the joint loose. Thus the 
quality of the workmanship exercises so important an 
influence upon the stability of the arrangement, that 
thoroughly good work must be understood, from the start, 
as quite essential to any success. 

Yet there is an undeniable tendency of the nuts to work 
loose — there are probably twenty devices, patented and 
unpatented, for retaining the nuts of fish-joints in place. 
Mr. Adams proposes to chamfer the inner edges of the 
nuts, and to drive a flat dovetail key between them. 
This reduces the bearing surface of the nuts. The fish- 
plates of the Royal Swedish railways have concave faced 
nuts, by which the corners get a hold in the side of the 
plate. The fish is a very thorough job. A split key outside 
the nut, cannot fail to keep the latter tight. 

The fish-plates must not, of course, come in contact with 
the sides of the middle web of the rail, as room is required 
to draw them to fit when worn, and as there is an elasticity, 
when they bear only on the edges, which relieves the jar 
on the nuts. The nuts of some of the fish-joints used in 
France, are made with a conical end, screwed into a coun- 
tersink in the fish-plate. Some of the English fish-plates 
are now grooved on their sides, to hold the head of the 



RAILS. 223 

bolt, and to catch the nut when it turns square with the 
groove. This weakens the fish. The fish-plates of several 
of the French railways are similarly grooved for the bolt 
head only, which is made of T form. These plans appear 
to regard it as necessary to prevent the bolt, rather than 
the nut, from turning, but of the two it would appear that 
the nut was much more in need of this protection. A 
plan of bolting the fish-plates through the joints of 
two chairs is one of the '^ fighting pateuts,^^ so called, 
of a company interested in railway inventions, and is 
not, as we understand, adopted in practice. 

Samuers double-fish show Pole's tapped joint, where 
all the bolts are screwed into one of the fish-plates. 
This avoids the nut, which is apt to be in the way of 
the flange of the wheel, and, doubtless, secures a good 
hold of the bolts. But it requires an accuracy of work 
hardly to be expected in such materials. If the holes 
are not tapped in one plate exactly in coincidence 
with those punched in the other, the bolts would be 
greatly strained, there being a tendency to wring them off 
in the neck in turning them up, and to prevent also 
the head from taking a good bearing. If a bolt should 
thus break off in the fish-plate, it would prove very incon- 
venient to remove it. Right and left screws for this pur- 
pose, are open to the same objections, and to a greater 
extent. The joint may have any amount of stiflPness by 
deepening the fish-plates. The method of fastening it is 
very simple. This joint has been severely tested, and has 
been in successful use for a year on the New York Central 
road. 

Tlie fish-plates on EngUsh lines are usually 18 inches 
long. For the Royal Swedish railway, they are 15 inches. 
For the North London line, they are 27 inches long. They 
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are sometimes rolled as a trough, but are more commonly 
made flat and chamfered on the outer or inner edges — 
where the stem of the rail is vertical, generally on the outer 
edges. The bolts are commonly i inch — more lately they 
are made f inch in diameter. 

Defective workmanship and badly-shaped rails have in 
some cases rendered the fish-joint abortive. This has been 
the case especially with the suspended joint. On the 
Eastern Counties line, after being used between sleepers, for 
several years, it is being gradually removed. The fish- 
plates, after use, show an abrasion of their upper and lower 
edges, in such way that they appear to have been bent. 
But between the points indicated as the original positions 
of the ends of the rails, a burr is left on the upper edges 
and on the inner sides — from which may be seen how the 
iron has been worn away from these points. That good 
fish-joints are largely a question of workmanship may be 
readily observed by compariug those on the South Eastern 
and on the Brighton lines, where they run side by side; on 
the former the joints are well made, and they are rarely 
loose. On the Midland Railway, the deflection of the fish- 
joint was found so troublesome that a sleeper was driven 
beneath the joint. Tliis sleeper was merely left loose, and 
could not, therefore, have its proper effect. The deflection 
of the fish-joint may be readily observed during the slow 
passage of trains. Its stiffness may be easily increased. On 
the Northern Railway of France, some 350 miles of 5-inch 
flat-footed rail, is laid with fish- joints resting on sleepers with- 
out chairs. The two adjacent sleepers are 30 inches from 
the joint sleeper \ the rest are 36 inches apart. This appears 
to be all that is required for the 34-ton Engerth engines. 
On the Eastern Counties line all the bolts and nuts of the 
fish-joints were renewed in 1856, and the cost of this was 
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equal to that of all other repairs of the Hue. It is the in- 
tention to remove this joint altogether from this line, on 
which it is now laid down for 1,000 miles, of single track. 
The rails, however, to which this joint had been originally 
applied, were old and of a form unfavourable for obtaining 
a proper bearing of the fish-plates. 

On the Great Northern line, an examination of 250 con- 
secutive joints, showed that 261 bolts (26 per cent, of the 
whole) were loose, and six came entirely out within 48 
hours after they had been carefully tightened up. The nut, 
when firmly screwed up, takes a certain bearing in the 
thread, and by the strain upon it must insensibly produce 
a change in the form of the thread — so much, that being 
afterwards screwed up to a new position, it will tend to 
work back to its old bearing — and with this, the structure 
is again loose. This tendency can only be restrained by 
making : — 

Firsl, fish-plates of good strength, with a bearing of but 
moderate angle with the horizontal line of the bolt — say 
30°. Secojid, making the bearing of the edge of the fish- 
plate continuous, instead of at the swellings caused in 
punching the holes. Third, making the bearing a surface 
instead of a line — fitting to at least half an inch of the 
width of the under side of the head of the rail. Fourth, 
making good fitting bolts, straight and square under 
the head. Fifth, employing all the available friction 
surface of the nut. Sixth, making a full, clean thread in 
the nut. 

To this must be added a certain lateral elasticity 
in the plates themselves, by making them deep and 
thin (where the rail is deep enough), and in all cases 
fitting the plates so as to clear the sides of the stem 
of the rail. 

L 3 
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In short it may be laid down as a rule that with a good 
form of rail, and with careful workmanship, the fish makes 
a good job with the ordinary cross-sleeper system. Its 
peculiar excellence for the sandwich system has been 
already referred to. 

Almost if not all English railways are laid with joints 
opposite ; that is to say, on the same sleeper. In the United 
States, as is well known, opinion is divided upon this 
practice. It has been usual to make both joints on the same 
sleeper. The arguments against alternate or broken joints 
are those which apply in the case of a very bad track. 
One of them is that the alternate yielding of the joints 
causes the train to roll, and that the blow taken at each joint 
tends to wear out the middle of the opposite length of rail. 
These arguments assume the very state of things, how- 
ever, which it is the purpose of broken joints to avoid. 
For the yielding and blows at the joints must be much less 
where each has the full bearing of an entire sleeper to sup- 
port it. Thus, while there are twice as many shocks with 
alternate joints, they are each reduced to less than one half 
the force of the shocks with opposite joints — twice as 
many sleepers and a portion of the strength of the rails 
being interposed to lessen their effects. The great objection 
to the rolling motion given to the train, is that its effect 
upon the running gear is more destructive than the simple 
vertical motion caused by opposite joints. With properly 
fastened joints, however, the rail will be practically con- 
tinuous, and it will then make no difference where the 
joints are placed. 

Tlie allowance for the expansion of joints is, of 
course, the same in all countries, with equal variations 
of climate. The necessary allowances for a 20-feet rail 
are as follow : 
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A variation of 10** or 12° is said to produce a force of 
expansion in iron, equal to one ton to the square inch. A 
variation of temperature of 150° would thus, in its pro- 
duced expansion or contraction, cause a strain equal to the 
strength of the iron itself. Engine tires, however, are often 
stretched one inch in a length (of circumference) of sixteen 
feet ; and although the interval from a red heat to being 
cooled with water is not two minutes, the iron is not 
weakened. Iron is indeed strengthened by being subjected 
to tension while at a high temperature. Professor Johnson 
found a gain of some 20 per cent, to be due to what was 
called " Thermo-extension/' 

Track, in the United States, where laid with close joints in 
cold weather, has been raised vertically one foot, and thrown 
laterally two or three feet by expansion. In England, the 
same thing has occasionally happened. In June, 1856, 
a train running at 40 miles an hour was thrown off the 
inside of a curve, on the North Eastern railway, in con- 
sequence of the rails being bent by restricted expansion. 
This was with 82-pound rails, fastened every three feet by 
heavy chairs, and fished at the joints. 

On the other hand, several interesting examples show 
that the fastenings may be sufficiently strong, or that the 
heat absorbed by the rail may be so carried off by the 
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ground, as to keep the rails in place, even without any 
allowance for expansion. The late Mr. I. K. Brunei stated 
that he had welded together 100 feet of bridge rail, and 
riveted together another length of one quarter of a mile. 
These were securely fixed to the longitudinal timbers, and 
accurate gauges set at each end. The result was conclusive, 
that there was no accumulated motion either at the ex- 
tremities or at any part of the two lengths. Barlow^s saddle- 
back rail, which is bedded into the ballast, is now riveted 
closely and firmly together for five or six miles, without 
any practical inconvenience from expansion. Mr. John 
Hawkshaw once erected a parapet, 750 feet long, formed 
of cast-iron plates, nine feet long and one inch thick. This 
was firmly riveted together and held down tightly, and was 
proved to retain its position perfectly under all actual 
variations of temperature where put down. 

Practically, however, for a climate like that of America, 
there is no authority for disregarding the expansion and 
contraction of rails. Hence, the longer the rails and the 
fewer, consequently, the joints, the greater the expansion 
at those joints. A rail laid down, as has been suggested 
before the Franklin Institute, 300 feet in one continuous 
length, would at 40° require 1^ inch for expansion; and 
when the ends had worn ont from such a dangerous 
allowance, the whole rail would have to be taken up. 

Conclusion. — No track is complete, nor can it eco- 
nomically carry a heavy traflic, excepting with thoroughly 
spliced joints, making the rails practically continuous. 
No mere chair or seat can be sufficient, since the founda- 
tion upon which the whole rests — the earthwork— cannot 
be depended upon for its permanent support. 

Thoroughly jointing low, pear-headed rails is imprac- 
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ticable ; any cheap fixture which will preserve the stiffness 
of the joint will be destructively rigid. 

For a deep rail, the fish-joint is probably the most cheap, 
simple, and durable that can be devised. And a deep rail, 
especially if it forms a part of the sandwich system, is 
certain to be a feature of the best permanent way. The 
sandwich system finally settles the q^uestion of rail-joints, 
by embodying the fish-joint in the most simple manner . 
indeed, nothing but the fish-joint would be appropriate to it. 

No excellence of joint fastenings can compensate for de 
fective earthwork or drainage; bad ballast, small, irregular 
and decayed sleepers, or for weak, unsound rails. Before 
we can have good, smooth roads, admitting of easy trac- 
tion at high speeds with a low rate of maintenance, each 
detail must be perfected so far as the means have been 
indicated conjointly by science and experience. 



DIVISION IX- 

ON SETTING OUT THE SURFACE WIDTHS OF 
CUTTINGS AND EMBANKMENTS OF RAIL- 
WAYS. 



Prob. 19. — To set out the surface width of cuttings 
and embankments. 

Let A B H K C be a cross section of a proposed 
cutting, and let A M be the centre cut, H K the width 
of the formation level. The slope of the sides B H C K 
is the ratio of the base K N to the perpendicular height 
E N. This ratio varies according to the nature of the 



material of the cutting or embankment. Let the 
ratio be 3 to 2. Then if the ground were level, as 
DAE, the distance from the centre stump at A to the 
slope stakes at D and E would beAD=DE=MK 
+K N=i H K+ i A M. But as the ground rises from 
A to C equal to the height C G, the stump must be set 
back a distance E G=| C G ; and as there is a fall from 
A to B equal to the height B F, the stump must be set 
farther in a distance D F= i B P. 
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To find B and C, set the level, if possible, in such a 
position that the points A, B, and C can be seen from 
it. Find the length of A E=i H K+i A M ; estimate 
by the eye the rise from the centre stump A to where 
the slope stump is to be driven, and take this as the 
probable height of C G. To A E add f of the height 
thus found, and measure from the stump at A a dis- 
tance equal to the sum. Find again by the level the 
rise from A to this point, and if it agrees with the 
calculated rise, the distance is correct. But if the rise 
found be too great or too small, take another point, 
measure its distance from A; find its height by the level 
as before. When correctly found, the distance will be 
equal to ^ H K+| A M + 1 C G. The same course is 
to be adopted when the ground falls as from A to B, 
except that D F is to be subtracted. The distance out 
AF=AD— DF=iHK+iAM— fBF. 

When the section consists partly of a catting and partly 
of an embankment, the foregoing method applies directly 
only to the side that is in cutting when the centre 
stump is in cutting, or in embankment when the centre 
stump is in embankment. On the other side, however, 
it is only necessary to make A M in the foregoing ex- 
pressions minus, for its eflPect in this case is to shorten 
the distance from the centre. The formula for this 
distance will become J H K — f A M+i C G. 

Level Book, 

A level book, generally of the following form, is used 
in setting out the cuttings and embankments : — 
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Number of 
Stumps. 


Depths of 
Cuttings or 
Embank- 
ments. 


Computed 

Half 

Widths. 


Corrected Half Widths to 

Eoge of Cuttings or Foot 

of Embankments. 


Whole 

Widths, 

including 

Fences, each 

6 feet wide. 


Eight. 


Left. 


1 184 
^) 185 

|) 187 
1 188 


Feet. 
2800 

4-00 
30-60 

2-16 
1608 
20-00 


Feet. 
5700 

21-00 

60-90 

18-24 

39-12 

30-00 


Feet. 
61-80 

22-63 

64-77 

18-00 

40-68 

36-16 


Feet. 
101-40 

48-37 

71-32 

19-44 

58-24 

48-00 


Feet. 
175-20 

8300 
148-09 

49-44 
110-92 

96-16 



The depths iu the second column are found by calcula- 
tion, or by carefully scaling the longitudinal section. 
The computed and corrected half-widths in the third, 
fourth, and fifth columns are found by Prob. 19, and 
the widths in the last column are the sums of the fourth 
and Mihplits the width of the two side fences of the 
railway. 
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FORMS OF RETURNS & SPECIFICATIONS. 



CONSTEUCTION. 



1 
2 
3 
4 

5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

15 
16 

17 
13 



Expenses before Act £> 

Land and compensation ,, 

Contracts for works. A y. 

Permanent way ; timber, rails, and all mate- 
rials. B „ 

Locomotiye engines and carriages, &c. G ,, 

Engine houses, tools, and machinery „ 

Engineering and surveying ,, 

Advertising and printing ,, 

Trayelling expenses ,y 

Law charges and conveyances ,, 

Stamps for debentures „ 

Parliamentary expenses „ 

Maps, plans, &c „ 

OfEce expenses, salaries, direction, postages, 
rent, &c „ 

Discounts and commissions ,, 

Electric telegraph ,, 

Miscellaneous charges „ 

Total cost of construction ,, 
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WORKING EXPENSES. 




19 


Per mile. 
Maiiit€Daiice of wav £> 


COST. 


20 


Locomotiye account, viz., coal, coke, repairs, 
wages, oil, tallovv, and all incidental ez- 
Denses. D 




21 


Carrying account, viz., clerks, superintendents, 
&c. E« ......•.•••>• ••• *••...•••••••.. ,, 




22 
23 


General charges, viz., salaries, direction, and 
office charges. F ,, 

Total workine exnenses .. 




24 
25 


Government duty „ 

Kates and taxes 




26 
27 


Depreciation and replacing stock and plant ,, 

Total working expenses, duty, and depreciation. „ 


- 



RECEIPTa 



28 
29 
30 
31 
32 
83 
34 
85 



Passengers £ 

Carriages, dogs, and horses „ 

Cattle n 

Merchandise • ,> 

Parcels y* 

Bents and sundries „ 

Mails y 

Total Eeceipts „ 



COST. 



HETURNS AND SPECIFICATIONS. 
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A. CONTRACTS FOR WORKS. 



86 
37 

88 
39 
40 
41 
42 
43 

44 
45 

46 

47 
48 
49 
50 
51 
52 
53 

54 

55 
56 
57 

58 

59 

60 



Excavations.... 
Embankments. 



Cubic yds. 



Timnels 

Timber viaducts 

Iron bridges, cast & wrougbt 

Timber bridges 

Stone bridges 

Occupation bridges 

Culverts, above 3 feet 

Ditto, less than 3 feet ... 



No. 



Bate. 



Length. 



Timber not enumerated 



No. 



Cubic feet. 



No. 



Terminal stations 

Intermediate stations 

Station engines 

Tanks and water cranes 

Miscellaneous 

Average length of lead 

Proportion of hard rock cut through in earth- 
works ..... 

Proportion of earth and soft work in earth- 
works 

Proportion paid for materials 

Proportion paid for labour 

Total distance 



>» 

it 

a 

if 

a 

•> 
a 
a 
a 
a 



Average and steepest gradients 



Av. 



Bt. 
No. 



Station signals and ticket apparatus ) 
for all stations ) 

Average cost per yard run of — 

Excavations 

Embankments 

Tunnels 

Timber viaducts 

Iron bridges ,, 

Timber bridges ,, 

Stone bridges ,} 



a 
a 
a 
a 



COST. 
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B. PERMANENT WAY. 



61 

62 
63 
64 

65 

66 

67 

68 
69 
70 
71 

72 

73 

74 
75 

76 
77 

78 

79 
80 
81 



Ballast. 



Stone sleepers. 
Wood sleepers. 
Chairs 



Cubic yds. 
No. 



Rails 

Weight and section of rails... 

Turntables 

Switches, turnouts, sideings. 

Bricks and drain tiles 

Cast-iron drain pipes 

Spikes and keys 

Telegraph wire and insulation. 



Tons. 



No. 

Qy. 



Telegraph supports 

Telegraph station apparatus 

Telegraph fixing 

Laying rails 

Filling in ballast 



Coating under blocks and felt. 



Fencing and quicks 

Labour to fencing and quicks 
Labour, miscellaneous 



Rate. 



19 
f1 
»» 

ba. per yard. 

Bate. 
£ 

)) 
ft 
»> 



Yards. 
No. 



Qy. 

Yards. 



>» 

»» 
»> 
a 
>» 
»» 

fi 
tf 



COST. 
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C. CARRYING STOCK. 

No. 

Locomotive engines and tenders £ 

First class carriages ,, 

Second class ditto ,, 

Third class ditto ,, 

Post office ditto ,, 

Luggage vans a „ 

Goods waggons ,, 

Coal waggons ,) 

Horse boxes and cattle cages ,, 

Carriage trucks ,, 

Miscellaneous ,, 



82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 



COST. 



D. LOCOMOTIVE ACCOUNT. 



93 Wages of engine men and firemen £ 

94 Waste, oil, tallow, water, and firewood ^ 

96 Wages, labonrers, and cleaners ,, 

96 Superintendents, clerks, salaries, and office 

charges ,, 

97 Repairs of engines and tenders „ 

cwt. 

98 Coke „ 

99 Incidental charges „ 

No. 

100 Assistant engines, all charges together „ 

101 Total locomotive account „ 
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E. CARRYING ACCOUNT. 



102 

103 
104 
105 
106 
107 
108 
109 

110 
111 
112 



Salaries — Booking clerks, and petty disburse- 
ments £ 

"Wages — Guards and conductors ,, 

Police and inspectors ,, 

Switchmen, messengers, and porters... ,, 

Clothing .'. ,, 

Carriage and waggon repairs ,, 

Stores consumed ,, 

"Waste, oil, tallow, fuel, and carrying incidental 
expenses ,, 

Printing, stationery, and tickets ,, 

Lighting and gas at stations ,, 

Total carrying account for coach and merchan- 
dise traffic ,, 



F. GENERAL CHARGES. 



113 
114 
115 
116 
117 
118 
119 
120 
121 



Salaries £ 

Advertising „ 

Printing, stationery, ticket books, &c ,, 

Medical expenses „ 

Postages ,, 

Law charges ,, 

Travelling expenses ,, 

Sundry office expenses „ 

Total general charges „ 
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122 
123 
124 
125 

126 

127 

128 

129 

130 
131 

132 

133 
134 

135 
136 
137 

138 

139 
140 
141 
142 
143 
144 
145 



COMPARATIVE RESULTS. 



Passengers. Goods. 
Average speeds 

Average passengers per train 

Average weight of goods i)er train 

Average scale of charges per mile, passengers — 

First. Second. Third. 



Average goods charges per ton per mile — 



First. 



Second. 



Third. 



Average quantity of coke nsed ) 
per mile run ) 

Average cost of oil and tallow ) 
per mile run ) 

Average cost of repairs per mile ) 
run ) 

Average cost of coke per mile run 

Average engineers' and fire- ) 
men's wages per mile run ... j 

Average general charges per ) 
mile run ) 

Total cost per mile run 

Reconstruction per mile run 



P. 



Total cost per train per mile run 
No. of miles run by each engine.. 
Number of passengers carried — 
1st Class. 2nd Class. 



Passgrs. 



G. 



)) 



»> 



i» 



>i 



It 



yy 



tt 



i9 



Goods. 



Srd Class 



Tonnage of goods carried — 
Tons. 1st Class. Tons. 2nd Class. Tons. Srd Class. 



Total receipts, No. 35 

Working expenses. No. 23 

Duty and rates, Nos. 24,25 

Depreciation, No. 26 

Total expenditure. No. 27 

Profit 

Per centage of expenditure to returns, viz. : — 
Working Expenses. Duty. Depreciation. Total 
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ESTABLISHMENT. 



146 Direction 

147 Local management 

148 London establishment. — Secretary and clerks 

149 Local establishment. — Secretary and clerks 

160 Engineers' departments. — Engineers, surveyors, 

and draughtsmen 

151 Principal and intermediate station superintendents 

and clerks ••• 

152 Bepairing shops. — Superintendents, engineers, 

fitters, turners, founders, &c 

153 Locomotive establishment. — Engine drivers, ' fire- 

men, cleaners, &c 

154 Carrying establishment. — Guards, conductors, 

clerks, porters, switchmen, police, warehouse- 
men, signalmen, &c 

155 Construction of line. — Clerks of contracts, superin- 

tendents of works, labourers on line 

156 Maintenance of way. — Plate layers, bricklayers, 

labourers, of all descriptions, &c 

157 Carriage and waggon construction department 



PAY LIST. 



158 Detailed list of all classes employed by the Com- 

pany 

159 Rate of pay of each class 

160 Aggregate pay of each class .» 
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KETURN OF COST OF MATERIALS AND LABOUR TO BE FILLED 
UP FOR EVERY 10 MILES ALONG THE LINE OF RAILWAY 
REFERRED TO. 



161 



A. — What description of stone is found 

B. — What does it cost delivered per 
100 cubic feet 

C. — At what price can good bricks b© 
delivered per 1000 

D. — What is the cost of brick masonry 
per 100 cubic feet, including all 
charges 

E. — What is the cost of skilled and of 
common labour per month 

F. — What description of timber is ob- 
tained in the neighbourhood ... 

G. — At what price delivered per 60 
cubic feet 

H. — What does limestone cost per 100 
cubic feet 

I. — At what price are rails and chairs 
delivered 

J, — At what cost are coals, coke, and 
charcoal obtained 



First 
Division. 



Second 
Division, 



Third 
Division. 



Fourth 
Division. 



M 
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FORM OF RETURNS UPON MASSACHUSSETS LINES. 



Capital stock 

Increase of capital since last report . 
Capital paid in, per last report 
Capital paid in, since last report 
Total amount of capital stock paid in 
Funded debt, per last report 
Funded debt paid since last report . 
Funded debt, increase of. since last report 
Total present amount of funded debt 
Floating debt, per last report 
Floating debt x>aid since last report 
Floating debt, increase of, since last report 
Total present amount of floating debt . 

Total present amount of funded and floating debt 
Average I'ate of interest per annum on ditto , 



Cost of Road and Equipment. 

For graduation and masonry, per last report . , . 
For graduation and masonry paid during the past year . 
Total amoimt expended for graduation and masonry . 

For bridges, per last report 

For bridges, paid during the past year , . , . 
Total amount expended for bridges . , . . 
For superstructure, including iron, per last report . . 
For superstructure, including ii-on, paid during the 

past year 

Total amount exi>ended for superstructure, including 

For stations, buildings, and fixtures, as per last 

report 

For stations, buildings, and fixtures, paid during the 

past year 

Total amount expended for stations, buildings, and 

fixtures 

For land, land-damages, and fences, per last report . . 
For land, land-damages, and fences, paid during the 

past year 

Total amount expended for land, land-damages, and 

fences 

For locomotives, per last report 

For locomotives, paid during the imst year . . . 
Total amount expended for locomotives . 
For passenger and baggage cars, per last report . . 
For passenger and baggage cars, paid during the past 

year 

Total amount expended for passenger and baggage 

cars 

For merchandise cars, per last report .... 
For merchandise cars, naid during the past year . . 
Total amount expended for mcrchaudise cars 
For engineering and other oxiMsnscs. ihjt last raport . . 
For engnineonng and other expenses, paid during the 

past year 

Total amount expended for ougiueering and other 

expenses 

Total cost of road and equipment ... 
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CHARA.CTEBISTIOS Ol" ROAD. 



Length of road, [main road] 

Length of single track 

Length of double track 

Length of branches owned by the Company, stating 

whether they have a single or double track . 
Weight of rail per yard in main road 
Weight of rail per yard in branch roads 
Maximum grade, with its length in main road 
Maximum grade, with its length in branch roads . 
Total rise and fall in main road .... 
Total rise and fall in branch roads .... 
Shortest radius of curvature with length of curve in 

main road. [Radius 1,050 feet] .... 
Shortest radius of curvature, with length of curve In 

branch roads, [Radius, 573 feet] .... 
Total degrees of curvature in main road . 
Total degrees of curvature in branch roads 
Total length of straight line in main road 
Total length of straight line in branches . 
Aggregate length of truss bridges .... 
Whole length oi road unfinished on both sides . 



DOIKOS DURINO THE YeAB. 

Miles run by passenger trains 

Miles run by freight trains 

Miles run by other trains 

Total miles run 

Number of passengers carried in the cars 

Number of passengers carried one mile . . , . 

Number of tons of merchandise carried in the cars 

Number of tons of merchandise carried one mile . . 

Number of passengers carried one mile, to and fi:x)m 
other roads . . 

Number of tons carried one mile, to and from other 
roads 

Average rate of speed adopted for passenger trains, in- 
cluding stops 

Average rate of speed adopted for freight trains, in- 
cluding stops 

Estimated weight in tons of passenger trains, including 
engine and tender, but not including passengers, 
hauled one mile 

Estimated weight of merchandise trains, includinff 
engine and tender, but not including freight, hauled 
one mile 



ExPENDITXmES FOR WORKINO THE ROAD. 

For repairs of road, maintenance of way, exclusive of 
wooden truss bridges and renewals of iron . . , 

For rep;iirs of truss bridges 

For renewals of iron, including laying down . 

For wages of switch-men, gate-keepers, and flag-men . 

For removing ice and snow 

For repairs of fences, gates, houses for flag-men, gate- 
keepers, switch-men, and tool-houses .... 

Total for maintenance of way ...... 
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Motive Powkbs. 

For repairs of locomotives 

For new locomotives, to cover depreciation . . . 

For repairs of passenger cars 

For new passenger cars, to cover depreciation . . . 

For reiiairs of merchandise cars 

For new merchandise cars, to cover depreciation . . 
For repairs of gravel and other cars . . . . 
Total for maintenance of motive power . . . . 

Miscellaneous. 

For fuel and oil 

For salaries, wages, and incidental expenses, charge- 
able to passenger department 

Fer salaries, wages, and incidental expenses, charge- 
able to freight department 

For gratuities and damages 

For taxes and insurance 

For ferries 

For repairs of station buildings, aqueducts, fixtures, 
and furniture 

For interest 

For amount paid other companies, in tolls for passen- 
gers and freight carried on their roads, specifying 
each company, [Portland and Portsmouth Rail- 
road Corporation] 

For amount paid other companies as rent for use of 
their roads, specifying each comi)any . . . . 

For salaries of president, treasurer, superintendent, 
law expenses, office expenses of the above offices, and 
all other expenses not included in any of the forego- 
ing items, [including loss on passenger cars and 
freight cars worn out and broken up, 6,000 dollars] . 

Income durinq the Tear. 

For Passengers : — 

1. On the main road exclusively, including branch 

owned by Company 

2. To and from other roads, specifying what : 
For Freight : — 

1. On main road and branches owned by Company . 

2. To and from other connecting roads : 

U. S. Mails, 6,098 dollars, 76. Rents, 3,182 dollars, 73 . 
Total income 

Not earnings after deducting expenses .... 

Dividends. 

[Two dividends : one paid in July, 4^ per cent ; one 

paid in January, 1849, 4 per cent.] 

Suri)lus not divided 

8\irplus last year 

Total surplus 

Estimated Depreciation betond the Renzwai^, vi«. : 

Road and brid>;es 

Biiildings . 

Engines and oars 



I 
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Order 32. — The clerks of the peace or sheriff 
clerks, or their respective deputies, shall make a memo- 
rial in writing upon the plans, sections, and books of 
reference so deposited with them, denoting the time 
at which the same were lodged at their respective 
ofSces, and shall at all seasonable hours of the day- 
permit any person to view and examine one of the same, 
and to make copies or extracts therefrom ; and one of 
the two plans and sections so deposited shall be sealed 
up and retained in the possession of the clerk of the 
peace or sheriff clerk until called for by order of one 
of the two Houses of Parliament. 

Order 33. — In cases where the work shall be situate 
on tidal lands within the ordinary spring tides, a copy 
of the plans and sections shall, on or before the SOth 
day of November, be deposited at the office of the 
Marine Department, Board of Trade, marked '^ Tidal 
Waters," and on such copy all tidal waters shall be 
coloured blue, and if the plans include any bridge 
across tidal waters, the dimensions, as regards span and 
headway of the nearest bridges, if any, above and below 
the new bridge, shall be marked thereon; and in all 
such cases such plans and sections shall be accompa- 
nied by a published map or ordnance sheet of the coun- 
try over which the works are proposed to extend, or 
are to be carried, with their position and extent or 
route accurately laid down thereon. 

Order 34. — In the case of Railway Bills, a copy of all 
plans, sections, and books of reference required by the 
orders of the House to be deposited in the office of any 
clerk of the peace or sheriff clerk on or before the SOth 
day of November immediately preceding the applica- 
tion for the Bill, together with the said published map^ 
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with the line of railway delineated thereon so as to 
show its general course and direction, shall on or before 
the same day be deposited in the office of the Board of 
Trade. 

Order 35. — On or before the 30th day of November 
a copy of the said plans, sections, and books of refer- 
ence, and in case of Railway Bills, also a copy of the 
said published map, with the line of railway delineated 
thereon, shall be deposited in the Private Bill Office of 
this House. 

Order 36. — In cases where any portion of the work 
shall be situate within the limits of the metropolis, as 
defined by the " Metropolis Management Act, 1855,^' 
a copy of so much of the plans and sections as relates 
to such portion of the work shall, on or before the 30th 
day of November, be deposited at the office of the 
Metropolitan Board of Works. 

Order 37. — On or before the 30th day of November 
a copy of so much of the said plans and sections as 
relates to each parish in or through which the work is 
intended to be made, maintained, varied, extended, or 
enlarged, or in which any lands or houses intended to 
be taken are situated (see fig. 5), together with a copy 
of so much of the book of reference as relates to such 
parish in England, shall be deposited with the parish 
clerk, or, in the case of any extra-parochial place, 
with the parish clerk of some parish immediately 
adjoining thereto, or in case of any place within the 
limits of the metropolis, as defined by the Act 18 and 
19 Vict. c. 120, intituled "An Act for the better Local 
Management of the Metropolis,^' except the city of 
London, with the clerk of the vestry of each parish in 
schedule A, and with the clerk of the district board 
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of parishes in schedule B of the said Act ; with the 
schoolmaster of each such parish in Scotland, or, if there 
be no schoolmaster of any such parish, then with the 
session clerk, or in royal burghs with the town clerk, 
and with the clerk of the union within which such parish 
is included in Ireland. 

Order 38. — Wherever any plans, sections, and books of 
reference, or parts thereof, are required to be deposited, 
a copy of the notice published in the Gazette of the 
intended application to Parliament shall be deposited 
therewith. 

Order 43. — On or before the 31st day of December 
there shall be also deposited in the Private Bill Office 
all estimates, declarations, and lists of owners, lessees, 
and occupiers, which are required by the Standing 
Orders of the House. 

Order 45. — On or before the 31st of December copies 
of the estimate of expense of the undertaking, and 
where a declaration alone, or declaration and estimate 
of the probable amount of rates and duties are required, 
copies of such declaration, or of such declaration 
and estimate, shall be printed at the expense of the 
promoters of the Bill, and delivered at the Vote Office 
for the use of the members of the House, and at the 
Private Bill Office for the use of any agent who may 
apply for the same. 

Form of Estimate. 

Order 46. — The estimate for any works proposed to 
be authorised by any Railway, Dock, or Harbour Bill, 
shall be in the following form, or as near thereto as cir- 
cumstances may permit: — 
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Estimate of the proposed 



(Railway). 



Line No. 
Length of line 

Earthworks : 

Cuttings — Rock . 
Soft soil 
Roads 
Total . . 



Cubic yda. 



Miles. fgs. 



Price per yd. 



chs. 

8 

£ 9. d. 



"Whether 
single or double. 



Embankments, including roads - cubic yds. 

Bridges, — public roads . . . Number 

Accommodation bridges and works .... 

Viaducts 

Culverts and drains 

Metallings of roads and level crossings . . . 

Gatekeepers' houses at level crossings .... 

Permanent way, including fencing 

Cost per Mile. 
Miles, fgs. chs. 



at 



£ 8. d. 



Permanent way for sidings, and cost of junctions .... 

Stations 

Contingencies per cent. 
Land and buildings. » . . ? . 

A. K. P. 



Total . . £ 



«. d. 



The same details for each branch, and general sammary of total cost. 



Order 47. — No deposit shall be deemed valid if made 
on a Sunday or Christmas day, or before eight o^clock 
in the forenoon, or after eight o^clock in the afternoon 
of any day. 

M 3 
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Form in which Plans, Books of Reference, Sections, 
AND Cross Sections shall be prepared. 

Plam. 

Order 48. — Every plan required to be deposited shall 
be drawn to a scale of not less than 4 inches to a 
mile, and shall describe the lands intended to be taken, 
and the line or situation of the whole of the work (no 
alternative line or work being in any case permitted), 
and the lands in or through which it is to be made, main- 
tained, varied, extended, or enlarged, or through which 
every communication to or from the work shall be 
made ; and where it is the intention of the parties to 
apply for powers to make any lateral deviation from the 
line of the proposed work, the limits of such a deviation 
shall be defined upon the plan, and all lands included 
within such limits shall be marked thereon ; and unless 
the whole of such plan shall be upon a scale of not less 
than a quarter of an inch to every 100 feet, an enlarged 
plan shall be added of any building, yard, court-yard, or 
land within the curtilage of any building, or of any 
ground cultivated as a garden, either in the line of the 
proposed work, or included within the limits of the said 
deviation, upon a scale of not less than a quarter of an 
inch to every 100 feet. (See fig. 3, Standing Orders^ Plan ) 

Order 49. — In all cases where it is proposed to make, 
vary, extend, or enlarge any cut, canal, reservoir, aque- 
duct, or navigation, the plan shall describe the brooks 
and streams to be directly diverted into such intended 
cut, canal, reservoir, aqueduct, or navigation, or into 
any variation, extension, or enlargement thereof respec- 
tively, for supplying the same with water. 

Order 50. — In all cases where it is proposed to make. 
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vary, extend, or enlarge any railway, the plan shall ex- 
hibit thereon the distances in miles and furlongs from 
one of the termini ; and a memorandum of the radius 
of every curve not exceeding one mile in length shall 
be noted on the plan in furlongs and chains ; and where 
tunnelling as a substitute for open cutting is intended, 
such tunnelling shall be marked by a dotted line on the 
plan. 

Order 51. — If it be intended to divert, widen, or nar- 
row any turnpike road, public carriage road, navigable 
river, canal, or railway, the course of such diversion, and 
the extent of such widening or narrowing, shall be 
marked upon the plan. 

Order 52. — When a railway is intended to form a 
junction with an existing or authorised line of railway, 
the course of such existing or authorised line of railway 
shall be shown on the deposited plan for a distance of 
800 yards on either side of the proposed junction, on a 
scale of not less than 4 inches to the mile. 

Book of Reference, 

Order 53. — ^The book of reference to every such plan 
shall contain the names of the owners or reputed owners, 
lessees or reputed lessees, and occupiers of all lands and 
houses in the line of the proposed work, or within the 
limits of deviation as defined upon the plan, and shall 
describe such lands and houses respectively. 

Sections. 

Order 54. — The section shall be drawn to the same 
horizontal scale as the plan, and to a vertical scale of 
not less than 1 inch to every 100 feet, and shall show 
the surface of the ground marked on the plan, the 
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intended level of the proposed work, the height of every 
embankment, and the depth of every cutting, and a 
datum horizontal line, which shall be the same through- 
out the whole length of the work, or any branch thereof 
respectively, and shall be referred to some fixed point 
(stated in writing on the section) near some portion of 
such work, and in the case of a canal, cut, navigation, 
turnpike or other carriage road, or railway, near either 
of the termini. (See line d d, fig. 2, Standing Orders' 
Section.) 

Order 56. — In every section of a railway, the line of 
the railway marked thereon shall correspond with the 
upper surface of the rails. (See line s s, fig. 2, Standing 
Orders^ Section). 

Order 57. — Distances on the datum line shall be 
marked in miles and furlongs to correspond with those 
on the plan; a vertical measure from the datum line to 
the line of the railway shall be marked in feet and inches, 
or decimal parts of a foot, at each change of the gradient 
or inclination ; and the proportion or rate of inclination 
between each such change shall also be marked. 

Order 58. — Wherever the line of the railway is in- 
tended to cross any turnpike road, public carriage road, 
navigable river, canal, or railway, the height of the rail- 
way over or depth under the surface thereof, and the 
height and span of every arch of all bridges and via- 
ducts by which the railway will be carried over the 
same, shall be marked in figures at every cross- 
ing thereof; and where the railway will be carried across 
any such turnpike road, public carriage road, or railway, 
on the level thereof, such crossing shall be so described 
on the section ; and it shall also be stated if such level 
will be unaltered. 
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Order 59. — If any alteration be intended in the water 
level of any canal, or in the level or rate of inclina- 
tion of any turnpike road, public carriage road, or rail- 
way which will be crossed by the line of railway, 
then the same shall be stated on the said section, and 
each alteration shall be numbered ; and cross sections, 
in reference to the said numbers, on a horizontal scale 
of not less than 1 inch to every 330 feet, and on a 
vertical scale of not less than 1 inch to every 40 feet, 
shall be added, which shall show the present surface of 
such canal, road, or railway, and the intended surface 
thereof when altered; and the greatest "of the present 
and intended rates of inclination of such road or railway 
shall also be marked in figures thereon ; and where any 
public carriage road is crossed on the level, a cross sec- 
tion of such road shall also be added, and all such cross 
sections shall extend for 200 yards on each side of the 
centre line of the railway. (See fig. 4, Standing Orders^ 
Section.) 

Order 60. — Wherever the extreme height of any em- 
bankment or the extreme depth of any cutting shall 
exceed 5 feet, the extreme height over or depth under 
the surface of the ground shall be marked in figures 
upon the section ; and if any bridge or viaduct of more 
than three arches shall intervene in any embankment, 
or if any tunnel shall intervene in any cutting, the 
extreme height or depth shall be marked in figures on 
each of the parts into which such embankment or cutting 
shall be divided by such bridge, viaduct, or tunnel. 

Order 61. — Where tunnelling as a substitute for open 
cutting, or a viaduct as a substitute for solid embank- 
ment, is intended, the same shall be marked on the sec- 
tion. 
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Order 62. — When a railway is intended to form a 
junction with an existing or authorised line of railway, 
the gradient of such existing or authorised line of rail- 
way shall be shown on the deposited section, and in 
connection therewith, and on the same scale as the 
general section, for a distance of 800 yards on either 
side of the point of junction. 

Order 63. — An estimate of the expense of the under- 
taking under each (Railway) Bill shall be made and 
signed by the person making the same. (See, as to 
depositing estimate in Private Bill OflRce, No. 43.) 

Order 64. — In the case of a Railway Bill authorising 
the construction of works by other than an existing Rail- 
way Company incorporated by Act of Parliament, and 
which has during the year last past paid dividends on 
its ordinary share capital, a sum not less than eight per 
cent, on the amount of the estimate of expense, and 
in the case of all Bills other than Railway Bills a sum 
not less than four per cent, on the amount of such 
estimate, shall, previously to the 15th day of January, 
be deposited with the Court of Chancery in England, if 
the work is intended to be done in England, or with the 
Court of Exchequer in Scotland, if such work is intended 
to be done in Scotland, and with the Court of Chancery 
in Ireland, if such work is intended to be done in 
Ireland. 

Order 68. — Where any alteration shall have been 
made, or shall be designed by the parties to be made, in 
any Bill brought from the House of Lords after the 
introduction of the Bill into Parliament in any work 
the Bill for which shall be included in the second class 
of Bills hereinbefore mentioned, and the plans and 
sections for which shall have been deposited, and the 
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notices for which shall have been given as before men- 
tioned, a plan and section of such alteration, on the 
same scale and containing the same particulars as the 
original plan and section, together with a book of refer- 
ence thereto, shall be deposited with the clerk of the 
peace of every county, riding, or division in England 
or Ireland, and in the office of the sheriff clerk of 
every county in Scotland ; and where any county in 
Scotland is divided into districts or divisions, then in the 
office of the principal sheriff clerk in and for each dis- 
trict or division in which such alteration is proposed to 
be made; and a copy of such plan and section, so far as 
relates to each parish, together with a book of reference 
thereto, shall be deposited with the parish clerk of 
each such parish in England, or, in the case of. any 
extra-parochial place, with the parish clerk of some 
parish immediately adjoining thereto, with the school- 
master of each such parish in Scotland, or if there be no 
schoolmaster of any such parish, then with the session 
clerk, or in royal burghs with the town clerk, and 
the clerk of the union within which such parish in 
Ireland is included in which such alteration is intended 
to be made, one month previously to the introduc- 
tion of the Bill for making such work into this House ; 
and the intention to make such alteration shall be 
published in manner before directed in the London, 
Edinburgh, or Dublin Gazette, as the case may be, and 
some one and the same newspaper of the county in 
which such alteration shall be situate, or if there be no 
such paper printed therein, then in the newspaper of 
some county adjoining thereto, for three successive 
weeks previously to the introduction of the Bill in this 
House ; and personal application, with a notice in writ- 
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ing in the form hereinbefore mentioned, shall be made 
to the owners or reputed owners, lessees or reputed 
lessees, or in their absence from the United Kingdom^ 
to their agents respectively, and to the occupiers of 
lands through which any such alteration is intended to 
be made ; and the consent of such owners or reputed 
owners, lessees or reputed lessees, and occupiers to the 
making of such alteration, shall be proved before the 
Examiner. 

Order 69. — Previous to any Bill for making any 
work, the Bill for which shall be included in the second 
class of Bills hereinbefore mentioned, being brought 
to this House from the Lords, in which any alteration 
has been made in its progress through Parliament, a 
map or plan and section of such work, showing any 
variation, extension, or enlargement which is intended 
to be made in consequence of such alteration, shall be 
deposited in the Private Bill Office ; and such map or 
plan and section shall be on the same scale and contain 
the same particulars as the original map or plan and 
section of the said work. 

Although the longitudinal section (fig. 2) referred to 
in the Standing Orders is a facsimile of the original in 
the authorised edition published by permission of the 
Speaker, still it must be observed that the section is 
not entirely correct. By referring to the section, it 
will be observed that the part with the word " horizon- 
tal ^' on it has different terminal heights of 147 feet 
and 152 feet from the datum to the line of rails. If 
this part of the section were horizontal, of course the 
terminal heights should be equal. 

During the parliamentary session of 1866-7 the 
writer called the attention of the Speaker of. the 
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House of Commons, and of the Right Hon. Mr. Milner 
Gibson, M.P., to this and other errors in the plans and 
sections of the authorised edition of the Standing 
Orders, and regrets to have to state that the same errors 
were repeated in the authorised edition for 1867-8. 

The usual course at present adopted by engineers 
with respect to the scale of parliamentary plans and 
sections is, to draw the general plans and sections to a 
horizontal scale of 6 chains to the inch, or 13^ inches to 
the mile. This scale obviates the necessity of making 
enlarged plans of buildings, yards, court-yards, or land 
within the curtilage of any building, or of any ground 
cultivated as a garden, included within the limits of 
deviation, and removes the source of many errors and 
contentions incidental to smaller scales. 

The general drawings of plans and sections on the 
scale of 6 chains to the inch are divided into lengths 
of two miles each, for the purpose of lithographing them 
in sheets, and binding the sheets in book form for depo- 
siting in the various public offices. Some engineers 
get the plans so lithographed that two lengths of two 
miles each are placed, one near the top and the other 
near the foot, on each sheet; the lengths of section 
are similarly arranged. At the same time, other 
engineers place one length of plan near the top, and 
the corresponding length of section near the foot of the 
sheet. These arrangements, however, are entirely, so 
to speak, matters of taste and convenience. 

At the end of every two miles of plan a straight line 
4 or 5 inches long is drawn at right angles to the direc- 
tion of the centre line at that particular place : these 
lines are lithographed upon the contiguous sheets, and 
serve to connect again, if required, the tracings of tho 
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separate sheets in one continuous plan^ and for other 
purposes. 

Land Plans, 

The plan at p. 262 of a part of the railway from 
Pontsticill to Merthyr is of the most approved form 
adopted in the modern construction of railways. The 
centre line is shown by a strong black line with small 
circles at the end of every chain. Near to and extending 
along the centre line, two dotted lines may be seen that 
mark the limits of the land required for cuttings and 
embankments, the area of the part of each field required 
being shown on the plan. The numbers inserted on the 
fields correspond with those in the book of reference ; 
the name of the proprietor of the land — Edward Davis, 
Esq. — being also given. 

Contract Section, 

• 

At p. 263 is the section of the railway corresponding 
with the plan just referred to. At 0, or the commence- 
ment of the railway, the height of the natural surface 
of the ground at that point above the datum is 582*92 
feet ; the height of the formation level above the datum 
being 584*50 feet ; the difference between these heights, 
1*58 feet, is the height of bank required at that point. 
And so on at every chain's length the height of the 
natural surface of the ground, and the height of the 
formation level above the datum, are given ; the height 
of bank or depth of cutting at every chain^s length is 
also given. 

The contents in cubic yards of all the cuttings and 
embankments are also inserted, and how they should 
be disposed of. 



STANDING ORDERS OF PARLIAMENT. 269 

The surface and formation lines are represented cor- 
rectly in position relatively to each other, but they are 
not correct in position relatively to the horizontal line, 
as may be seen by the heights from the datum : this 
arrangement is a matter of mere convenience. 

The plans and sections of any length of line may be 
got up in book form on this scale, and easily carried 
in the pocket. The plan being on one page and the 
corresponding section on the opposite page, gives at a 
glance all the local information the resident engineer 
and contractor require for the construction of the 
line. During the period of construction the resident 
engineer or contractor can readily colour the section 
so as to indicate the extent of the work performed 
monthly, whether it be in cuttings, embankments, 
bridges, viaducts, or tunnels. The section, coloured in 
this manner, being sent from time to time to the chief 
engineer, or to the board of directors, further fulfils 
the purpose of a monthly report of the progress of the 
works. 



APPENDIX. 



NOTE ON EAILWAf OVEE CHATMOSS, ETC. 

It is stated at page 156 that it was by obtaining sufficient 
bearing that Stephenson floated the Liverpool and Manchester 
Eailway over Chatmoss. Chatmoss lies low, the whole surface 
being nearly level. At the time the railway was constructing, 
Chatmoss, which contains about 100 square miles, was a black, 
semifluid, peaty mass. No sooner was the material for the 
railway laid in its proper place than it commenced to sink; 
additional material having been laid from time to time, sank 
again and again. It was thought that by laying brushwood 
under the heavier material, the sinking would be prevented ; 
but to no purpose was this tried. Drains of light flags were made 
for draining off the water, with the view of partially solidifying 
the moss ; but no sooner were the drains made than they also 
commenced to sink, and became useless. Clay pipes were also 
laid, and sank likewise. Various other contrivances were adopted, 
and failed in turn. The way the difficulties were surmounted 
was by cutting wedge-shaped or V-shaped masses of the moss 
itself, raising these up, and then cutting off the sharp edges 
parallel to the upper surface ; the frustrum of the wedge was 
again put back in its place, leaving a space equal to the part 
cut off to act as a drain. By this means efficient and economic 
drains were formed in every direction required; Chatmoss 
became partially solidified along the site of the railway ; and 
sufficient bearing was obtained to support the weight of the 
superincumbent track. 

Earthwork and Ballast (see pp. 151, 152). — The embankments 
should in almost all cases be well rolled. After the embank- 
ment has been raised to the proper height, a comparatively light 
roller should be used first, so as to make the draught on ,the 
horses as little as possible ; after the light roller has gone over 
the embankment a much heavier roller could be easily drawn. 
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This system would render compact and firm the embankmenii, 
and prevent to a great extent, if not entirely, any Bubsequenl 
Bottlomont. The hallast should also be rolled before the sleepen 
and rails are laid. This would prevent any sinking and moTB' 
meut of the ballast afterwards ; the sleepers and rails would bi 
rotuiucd in their proper positions as when laid; and» can* 
quoutly, the cost of the maintenance of way, and the wear ad 
tear of rolling stock, would be very much diminished. 
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INSTRUMENTS, 



MADE BY 



W. R STANLEY, 

[Instrument Maker to H. M. Government), 
GREAT TURNSTILE, HOIiBORW, W.C, 

AND 

^ONDON BRIDGE RAILWAY APPROACH, S.E. 



Irrows for Land Chains, per set, iron 1/3, galvanized or steel, 2/. 

Beam Compasses (Portable), to fit on any lath, brass?/, adjusting 10/6; 

electrum 8/6 and 10/6, adjusting 12/6 and 16/. 
„ „ with points to carry needles, adjusting, in case 20/. 

and 25/6 ; Stanley's patent, 30/. 
„ ,, ordnance pattern, inlaid holly beam, divided £2 5/. 

Boards, Drawing, f ledged, with brass slots, 23-in. by 16-in. 4/, 

31-in. by 23-in. 6/, and 42-in. by 29-in. 9/. 
„ ,, J-in., grooved, best, 23-in. by 16-in. 5/, 31-in. by 

23-in. 8/, 42-in. by 29-in. 12/6, 54-in. by 33-in. 18/. 
Books, Field, in basil, 1/6 and 1/9 ; Levelling, printed headings, 2/6. 

„ Weale's series, post free at the published prices. 
Bows or Bow Compasses, single jointed, ink or pencil, brass 1/6, 2/6, 
3/6 and 4/ ; electrum 4/6, 6/6, and 6/. 
„ double jointed, brass 7/ and 8/, electrum 8/, 9/, and 9/6. 
,, „ to carry needles, brass 8/, and 9/, electrum 9/, 10/6, & 12/6. 
Box Sextants, divided on silver, without telescope /70, with telescope 

and solid leather case 82/, with supplementary arc £6. 
Brushes, Camel hair, crow, duck, or goose 2d ; swan 4d, 6d, and 9d. 
„ Sable red, crow 4(d, duck 6d, goose 9d, swan 1/3, 2/6, and 3/6. 
„ „ brown, crow 6d, duck 9d, goose 1/, swan 2/6, 3/6, & 5/6. 

Cabinet Nest, 5 saucers, small 1/, middle 1/3, large 1/6, extra large 2/. 

Cases of Drawing Instruments, containing compasses, with ink and 

pencil points, two pair bows, drawing pen, and three scales, 

single jointed, brass 25/, 30/, and 36/; electrum 40/, 47/6, & 52/6 

,, as above, double jointed, brass 50/, electrum 70/. 

„ „ „ and points to carry needles, brass 54/, 

electrum 75/. 
„ „ single jointed, with spring bows, brass 45/, electrum 65/. 

„ double jointed, „ „ „ 63/, „ 90/. 

„ to hold needles, brass 70/, electrum 90/, 100/, and 126/. 
„ Magazine £5 5/, £7 10/, £10, £15, £20, and £25. 
„ School 1/3, 1/9, 3/, 4/, and 6/ ; Mechanics' 10/6, 15/, and 20/. 
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ARCHITECTURAL AND BUILDING WORKS. 



ARCHITECTURE AND BUILDING. 

Ifi. ARCHITECTURE, Orders of, by W. H. Leeds. U. 6<f. ) J"! ' 
17. Styles of, by T. Talbot Bury. U. 6dJ 2J!ei. 

18. Principles of Design, by E. L. Garbott. 2». 

Nbs. 16, 17, and 18 in 1 vol. cloth boards^ bs. M. 

22. BUrLDING, the Art of, by E. Dobson. Is. M. 

23. BRICK AND TILE MAKING, by E. Dobson. 3«. 

25. MASONRY AND STONE-CUTTING, by B. Dobson. New 
Edition, with Appendix on the Preservation of Stone. 2b, Gel. 

30. DRAINAGE AND SEWAGE OF TOWNS AND BUILD. 

INGS, by G. D. Dempsey. 2s. 
With ^Vo. 29 {Seepage 4), Drainage of Districts and I^rnds^ Zs, 

35. BLASTING AND QUARRYING OF STONE, &c., by Field- 
Marshal Sir J. F. Burgoyne. 1«. Qd, 

56. DICTIONARY OF TECHNICAL TERMS used hj Architoote, 
Builders, Engineers, Surveyors, &c. New Edition, revised 
and enlarged by Robert Hunt, F.G.S. {In preparatioi^ 

1, COTTAGE BUILDING, by C. B. Allen. 1«. 

4. FOUNDATIONS & CONCRETE WORKS, by Dobson. U6«l. 
45. LIMES, CEMENTS, MORTARS, &c., by BurneU. 1«. W. 
67. WAHMING AND VENTILATION, by C.Tomlin8on,P.K.S. di 
83**. DOOR LOCKS AND IRON SAFES, by Tomlmson. 2«. W. 
111. ARCHES, PIERS, AJ^D BUTTRESSES, by W. Bland. 1#.W. 
116. ACOUSTICS OF PUBLIC BUILDINGS, by T.E. Smith. l«.6d. 

123. CARPENTRY AND JOINERY, founded on Eobison and 

Tredgold. Is. G<£. 

123*. ILLUSTRATIVE PLATES to the preceding. 4to. 4». 6rf. 

124. ROOFS FOR PUBLIC AND PRIVATE JBUILDraGS. 

founded on Robison, Price, and Tredgold. 1«. 6rf. 

12 1*. PLATES OF RECENT IRON ROOFS. 4to. [EepHniing. 
V21, ARCHITECTURAL MODELLING IN PAPER. Praotioal 

Instructions, by T. A. Richardson, Architect. Is, Gd. .^ 
128. VITRUVIUS'S ARCHITECTURE, by J. Gwilt, Plates. 6s. 

130. GRECIAJ^ AUCHITECTDRE, Principles of Beauty in, by 

the Earl of Aberdeen. 1*. 

Nus. 128 and 130 in 1 vol. cloth boards^ 7s. 

132. ERECTION OF DWELLING-HOUSES, with Specifications, 
Quantities of Materials, &c., by S. H. Brooks, 27 Plates. 2«.6dL 

15!^ QUANTITIES AND MEASUREMENTS, by Beaton. U. 6dL 

17:>. BUILDERS' AND CONTRACTORS' PRICE-BOOK, by 

G. 11. Burnell. 3^. Qd. [Now ready, 

PUBLISHED BY LOCKWOOD & CO., 



ARITHMETICAL AND MATHEMATICAL WORKS. 



ARITHMETIC AND MATHEMATICS. 

32. MATHEMATICAL INSTRUMENTS, THEIR CONSTRUC- 
TION, USE, &c., by J. P. Heather. Original Edition in 
1 vol. Is. 6d. 

* ^* In ordering the above, he careful to say '^ Original Edition ^^ to 
distinguish it front the Enlarged Edition in 3 vols., advertised 
on page 4 as now ready. 

60. LAND AND ENGINEERING SURVEYING, by T. Baker. 2*. 

61*. READY RECKONER for the Admeasurement and Valuation 
of Land, by A. Arman. Is. % d, 

76. GEOMETRY, DESCRIPTIVE, with a Theory of Shadows and 
Perspective, and a Description of the Principles and Practice 
of Isometrical Projection, by J. F. Heather. 2s, 

83. COMMERCIAL BOOK-KEEPING, by James Haddon. 1^. 

84. ARITHMETIC, with numerous Examples, by J. R. Young. Is.M. 
84*. KEY TO THE ABOVE, by J. R. Young. Is. 6<?. 

86. EQUATIONAL ARITHMETIC : including Tables for the 
Calculation of Simple Interest, with Logaritluns for Compound 
Interest, and Annuities, by W. Hipsley. 1*. 

85*. SUPPLEMENT TO THE ABOVE, Is. 

85 and 85* in 1 vol.y 2s. 

86. ALGEBRA, by J. Haddon. 2*. 

86*. KEY AND COMPANION to the above, by J. R. Young. Is. U. 
88. THE ELEMENTS OF EUCLID, with Additional Propositions, 
and Essay on Logic, by H. Law. 28. 

90. ANALYTICAL GEOMETRY AJf D CONIC SECTIONS, by 

J. Hann. Entirely New Edition, improved and re- written 
by J. R. Young. 2s. [Now ready. 

91. PLANE TRIGONOMETRY, by J. Hann. Is. 

92. SPHERICAL TRIGONOMETRY, by J. Hann. \s. 

Nos. 91 and 92 in I vol., 2s. 

93. MENSURATION, by T. Baker. 1^. 6d. 

94. MATHEMATICAL TABLES, LOGARITHMS, with Tables of 

Natural Sines, Cosines, and Tangenta, by H. Law, C.E. 2s. (yd. 

101. DIFFERENTIAL CALCULUS, by W. S. B. Woolhouse. Is. 
101*. WEIGHTS, MEASURES, AND MONEYS OF ALL 

NATIONS ; with the Principles which determine the Rate of 
Exchange, by W. S. B. Woolhouse. Is. 6d. 

102. INTEGRAL CALCULUS, RUDIMENTS, by H. Cox, B. A. Is. 

103. INTEGRAL CALCULUS, Examples on, by J. Hann. Is. 

104. DIFFERENTIAL CALCULUS, Examples, bv .1. Haddon. U. 

105. ALGEBRA, GEOMETRY, and TRIGONOMETRY, in Easy 

Mnemonical Lessons, by the Rev. T. P. Kirkman. 1*. 6rf. 
117. SUBTERRANEOUS SURVEYING, AND THE MAG- 
NETIC VARIATION OF THE NEEDLE, by T. Fenwick, 
with Additions by T. Baker. 2^;. 6^. 

7, STATIONERS* HALL COURT, LUDGATE HILL. 
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Humberts Modern Engineering. Fmirth Serz 

A RECORD of the PROGRESS of MODERN ENGINEI 
ING, 1866. Imp. 4to, with 36 Double Plates, drawn to a la 
scale, and Photographic Portrait of John Fowler, Esq., Presid 
of the Institution of Civil Engineers. Price 3/. 3J. half-morocc( 

List of the Plates and Dia^ams. 

NAME AND DESCRIPTION. PLATES. NAME OF ENGINEER, 

Abbey Mills Pumping Station, Main Drainage, 

Metropolis i to 4 Mr. Bazalgette, C.E. 

Barrow Docks Stop Messrs. MXIlean & Stillir 

Manquis Viaduct, Santiago and Valparaiso [C 

Railway 10,11 Mr. W. Loyd, C.E. 

Adams' Locomotive, St. Helen's Canal Railw. 12, 13 Mr. H. Cross, C.E. 
Cannon Street Station Roof, Charing Cross 

Railway 14 to 16 Mr. J. Hawkshaw, C. E. 

Road Bridge over the River Moka 17, 18 Mr. H. Wakefield, C.E. 

Telegraphic Apparatus for Mesopotamia .... 19 Mr. Siemens, C.E. 

Viaduct over the River Wye, Midland Railw. 20 to 22 Mr. W. H. Barlow, C.E 

St. Germans Viaduct, Cornwall Railway .... 23, 24 Mr. Brunei, C.E. 

Wrought-Iron Cylinder for Diving Bell 25 Mr. J. Coode, C.E. 

Millwall Docks 26 to 31 Messrs. J. Fowler, C.E., ; 

William Wilson, CE. 

Milroy's Patent Excavator 32 Mr. Milroy, CE. 

Metropolitan District Railway 33 to 38 Mr. J. Fowler, Eneineer 

Chief, and Mr. T. 
Johnson, C.£. 

Harbouis, Ports, and Breakwaters A to c 

The Letterpress comprises — 

A concluding article on Harbours, Ports, and Breakwaters, w 
Illustrations and detailed descriptions of the Breakwater at Ch 
bourg, and other important modem works ; an article on 1 
Telegraph Lines of Mesopotamia ; a fiill description of the Wroug 
iron Diving Cylinder for Ceylon, the circumstances under which 
was used, and the means of working it ; full description of 1 
Millwall Docks ; &c., &c., &c. 



Opinions oj the Press, 



" Mr. Humber's ' Record of Modem Engineering' is a work of peculiar value, 
well to those who design as to those who study the art of engineering construct] 
It embodies a vast amount of practical information in the form of full descriptions : 
working drawings of all the most recent and noteworthy engineering works. 1 
* plates are excellently lithographed, and the present volume of the ' Record ' is nc 

whit behind its predecessors." — Mechanic^ Magazine. 

" We gladly welcome another year's issue of this valuable publication from the a 
pen of Mr. Humber. The accuracy and general excellence of this work are \ 
known, while its usefulness in giving the measurements and details of some of 
latest examples of engineering, as carried out by the most eminent men in the pro: 
:>ion, cannot be too highly prized." — Artizan. 

*'The volume forms a valuable companion to those which have preceded it, t 
cannot fail to prove a most important addition to every engineering library." — Min 
y<mmaL 

*' No one of Mr. Humber's volumes was bad ; all ^erc worth their cost, from 
mass of plates from well-executed drawings which they contained. In this resp 
perhaps, this last volume is the most valuable that the author has produced." — 1^$ 
'kal Mechanics' Journal, 
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Humberts Great Work on Bridge Constrtution. 

A COMPLETE and PRACTICAL TREATISE on CAST and 
WROUGHT-IRON BRIDGE CONSTRUCTION, including 
Iron Foundations. In Three Parts — ^Theoretical, Practical, and 
Descriptive. By William Humber, Assoc. Inst. C. E., and M. Inst. 
M. E. Third Edition, revised and much improved, with 115 Double 
Plates (20 of which now first appear in this edition), and numerous 
additions to the Text, In 2 vols. imp. 4to., price 6/. i6s, 6d. half- 
bound in morocco. {Recently published. 



i< 



'A very valuable contribution to the standard literature of civil engineering^. In 
addition to elevations, plans, and sections, lar^e scale details are given, which verv 
much enhance the instructive worth of these illustrations. No engineer would wil- 
lingly be without so valuable afund of information." — Civil Engineer and Arckiticf s 
Joiimal. 



tt 



The First or Theoretical Part contains mathematical investigations of the prin- 
ciples involved in the various forms now adopted in bridge construction. These 
investigations are exceedingly complete, having evidently been very carefully con- 
sidered and worked out to the utmost extent that can be desired by the practical man. 
The tables are of a very useful character, containing the results of the most recent 
experiments, and amongst them are some valuable tables of the weight and cost of 
cast and wrought-iron structures actually erected. The volume of text is amply illus- 
trated by numerous woodcuts, plates, and diagrams : and the plates in the second 
volume do great credit to both draughtsmen and engravers. In conclusion, we have 
great pleasure in cordially recommending this work to our readers." — Artizan, 

** Mr. Humber's stately volumes lately issued — in which the most important bridges 
erectecLduring the last five years, under the direction of the late Mr. Bnmel, Sir W. 
Cubitt, Mr. Hawkshaw, Mr. Page, Mr. Fowler, Mr. Hemans^ and others among oiu: 
most eminent engineers, are drawn and specified in great detail." — Engineer. 



Wealds Engineer s Pocket-Book. 



THE ENGINEER'S, ARCHITECT'S, and CONTRACTOR'S 
POCKET-BOOK (Lockwood & Co.'s; formerly Weale's). 
Published Annually. In roan tuck, gilt edges, with 10 Copper- 
Plates and numerous Woodcuts. Price 6^. 

*' A vast amount of really valuable matter condensed into the small dimen- 
sions of a book which is, in reality, what it professes to be — a pocket-book 

We cordially recommend the book to the notice of the managers of coal and other 
mines ; to them it will prove a handy book of reference on a variety of subjects more 
or less intimately connected with their profession. It might also be placed with 
advantage in the hands of the subordinate officers in collieries." — Colliery Guardian. 

•* The assignment of the late Mr. Weale's * Engineer's Pocket-Book* to Messrs. 
Lockwood & Co. has by no means lowered the standard value of the work. It is too 
well known among those for whom it is specially intended, to need more from us than 
the observation that this continuation of Mr. Weale's series of Pocket Books well 
sustains the reputation the work has so long enjoyed. Every branch of engineering 
is treated of, and facts, figures, and data of every kind abound." — Mechanics' Mag. 

*' It contains a large amount of information peculiarly valuable to those for whose 
use it is compiled. We cordially commend it to the engineering and architectura 
professions generally." — Mining Jotimal. 

Iron Bridges^ Girders, Roofs, &c. 

THE APPLICATION OF IRON TO THE CONSTRUC- 
TION OF BRIDGES, GIRDERS, ROOFS, and other Works. 
By Francis Campin, C.E. With numerous Illustrations. i2mo, 
cloth boards, 31. \Jtist published. 
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Barlow on the Strength of Materials, enlarged. 

A TREATISE ON THE STRENGTH OF MATERIALS, 
with Rules for 4ipp^ication in Architecture, the Construction of 
Suspension Bridges, Railways, &c. ; and an Appendix on the 
Power of Locomotive Engines, and the effect of Inclined Planes 
and gradients. By Peter Barlow, F.R.S., Mem. Inst, of France ; 
of the Imp. and Royal Academies of St. Petersburgh and Bmssels ; 
of the Amer. Soc. Arts ; and Hon. Mem. . Inst. Civil Engineers. 
A New and considerably Enlarged Edition, revised by his Sons, 
P. W. Barlow, F.R.S., Mem. Inst. C.E., and W. H. Barlow, 
F.R.S., Mem. of Council Inst. C.E., to which are added a Sum- 
mary of Experiments by Eaton Hodokinson, F.R.S., Wil,i.ia« 
FairbairN, F.R.S., and David Kfrkaldy ; an Essay (with 
Illustrations) on the effect produced by passing Weights over 
Elastic Bars, by the Rev. Robert Willis, M.A., F.R.S. And 
Formulae for Calculating Girders, &c. The whole arranged and 
edited by William Hdmber, Assoc Inst. C.K,>and Mcti. insL 
M.E., Author of ''A Complete and Practical Treatise on Cast and 
Wrought-Iron Bridge Construction," &c &c. Demy 8vo, .400 |ip., 
with 19 large Plates, and numerous woodcuts, price i&r. x:loth. 

Opmums of the Prtss, 

*' This edition has underjg^ne considerable improToanent, and has beenbrotn^dii u 
to the present date. It is one of -the first books of reference in exirtmpp."— »^rttfw«. 

" Although issued as the sixth edition, die voinme nnderconndexation fa - ^ wmhy of 
being regarded, for all practical purposes, as an entirely new work . . . the biook 
is undoubtedly worthy of the highest commendation, and of an honoiuaUe plaeein 
the library of every engineer." — Mink^ ygumal. 

"An increased value has been eiven to this very valuable work bv the addition of 
a large amount of information, which cannot Pfcve othemrise than highly useful to 

those who require to consult it The arraxigsment and editing of this 

mass of information has been undertaken by Mr. Humber, who has most abdy fulfilled 
a task requirine special care and ability to render it a success, ^ich this edition most 
certainly is. He has g^ven the finishmg touch to the volume by introducing into it 
an interesting memoir of Professor Barlow, which tribute of rtspact, we are sure, will 
be appreciated by the members of the eng^eering 'proivsdon.*'--Mtckmfna^ MrngmMme, 

" A book which no engineer of any kind can affined to be without. In its 
form its former value is much increased." — Colliery Guandunt. 

" The best book on the subject <wfaich has yet appeared . . . . We 1 

no work that so completdy fulfils its mission As a scientific wotk of tile 

first class, it deserves a foremost place on the bookshdves of every civil eqgincer and 
practical mechanic." — Engli^ Mechanic, 

" There is not a pnpil in an engineering «chool, dm apprentice in ■n enyin eei^s" er 
architect's office^ or a competent ckrk of woiks, •nrficywiU not recavnise in the aui emifi c 
volume newly given to circulation, an old^nd valaed firiend. . . 00 far as the m'— m^t 
of timber is concerned, there is no greater authority than.Bariow.''--,AM£i^M^iWnw-. 

" It is scarcely necessary for us to make any caniment upon the first -portian of 

the new volume Valuable ahke to the student, tyro, snd ezperionead 

practitioner, it will always rank in future, as it has hitherto done, as <be ■*«i*4inTd 
treatise upon this particular subject" — Engitieer. 

" The present edition offers some important advantages over previous ones. The 
additions are both extensive and valuable, comprising experiments by Hodgkinaon on 
the strength of cast-iron ; extracts from papers on the transverse stxoigth of beams by 
W. H. Barlow ; an article on the strength of columns ; experiments by Fahrludm, on 
iron and steel plates, on the behaviour of girders subjected to the vibration of a 
changing load, and on various cast and wrought-iron beams ; experimeBtsfcy Kiikaldy, 
on wrought-iron and steel bars^ and a short appendix of formulae for reai'y i4>plication 
in computing the strains on bndges." — EngtHeering. 
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Strains, Formulce & Diagrams for Calculation of. 

A HANDY BOOK for the CALCULATION of STRAINS 
in GIRDERS and SIMILAR STRUCTURES, and their 
STRENGTH ; consisting of Formulae and Corresponding Diagrams, 
with numerous Details for Practical Application, &c. By William 
H UMBER, Assoc. Inst. C.E., &c. Fcap. 8vo, with nearly lOO 
Woodcuts and 3 Plates, price *js. 6d. cloth. 
*'The arrangement of the matter in this little tolume is.as convenient as it well 

could be The system of employing^ diagrams as a substitute for complex 

computations is one justly coming into great favour, and.in that respect Mr. Humber's 
volume is fully up to the times." — Engineering. 
'^The formulae are neatly expressed, and the diagrams good.** — Athenmunt, 
" That a necessity existed for the book is erideat, wc tfaiak ; that Mr. Humber has 

achieved his design is equally evident We heartily commend the really handy 

book to our engineer and architect reaidenJ'—EngtisA Mechanic, 

Strains, 

THE STRAINS ON STRUCTURES OF rRON\¥ORK ; 

with Practical Remarks on Iron Construction. By F. W. Sheilds, 

M. Inst. C.E. Second Edition, with 5 plates. Ro)ral8vOi 5^. cloth. 

Contents. — Introductory Remarks ; Beams Loaded at Centre ; Beams Loaded at 
unequal distances between supports ; Beams uniformly Loaded ; Girders with triangu- 
lar bracing Loaded at centre ; Ditto, Loaded at unequal distances between supports.; 
Ditto, uniformly Loaded ; Calculation of the Strains on Girders with triangular 
Basings ; Cantilevers ; Continuous Girders; Lattice Girders ; Girdcr» wt& Vertical 
Struts and Diagonal Ties ; Calculation of the Strains on Ditto ; Bbw and String 
Girders ; Girders of a form not bdongiag to any regular i^re; Ffatte-Girders ; Ap- 
portionments of Material to Strain ; Comparison of dtfferait Oirders; Proportion of 
Length to Depth of Girders ; Character of the Work ; Iron Roofe. 

Construction of Iron Beams, Pillars^ &c. 

IRON AND HEAT, ExhibiUng the Principles concerned in the 
Construction of Iron Beams, Pillars, and Bridge Girders, and the 
Action of Heat in the Smelting Furnace. By James Armour, 
C.E. Woodcuts, i2mo, cloth boards, 31. 6d, ; cloth limp, 25, 6d, 

[Jmst piMished. 
" A very useful and thoroughly practical little volume, in e r c ry way descrring of 
circulation araonest working men." — Minntg Journal. 

"No ironworker who wishes to acqaaint himself witk the prineiirfes of his own 
trade can afford to be without it." — South Durham. Mercury, April 22nd, 1871* 

Power in Motion. 

POWER IN MOTION : Horse Power, Motion, Toothed Wheel 
Gearing, Long and Short Driving Bands, Angular Forces, &c. 
By James Armour, C.E. With 73 Diagrams. i2mo, cloA 
boards, 3J-. 6^.; cloth limp, 2s. 6d. \Just ptiblished. 

Trigonometrical. Surveying: 

AN OUTLINE OF THE METHOD OF CONOUCTING A 
TRIGONOMETRipAL SURVEY^ for the Fotmatian of Geo- 
graphical and Topographical Maps and Plans, Military- Recon- 
naissance, Levelliiq;^ &c., witlrthe moat useM FroUemsiu Geodesy 
and Practical Astronomy,- and Formulae and Tables for Facilitating 
their Calculation. By Major-Gene&al Fromk,, R.Ky . Inspector- 
General of Fortifications, &c. Third Edition, revved and improved. 
With 10 Plates and 113, Woodcats. Royal Sto^ I2i. dotiu 
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Hydraulics, 

HYDRAULIC TABLES, CO-EFFICIENTS, and FORMULit 
for finding the Discharge of Water from Orifices, Notches, Weirs, 
Pipes, and Rivers. By John Neville, Civil Engineer, M.R.I.A. 
Second Edition, with extensive Additions, New Formulae, Tables, 
and General Information on Rain-fall, Catchment-Basins, Drainage, 
Sewerage, Water Supply for Towns and Mill Power. With nume- 
rous Woodcuts, 8vo, i6i. cloth. 

*»♦ This work contains a vast number of different hydraulic 
formulae, and the most extensive and accurate tables yet published 
for finding the mean velocity of discharge from triangular, quadri- ■ 
lateral, and circular orifices, pipes, and rivers ; with experimental 
results and co-efficients ; effects of friction ; of the velocity ot 
approach ; and of curves, bends, contractions, and expansions ; the 
best form of channel ; the drainage effects of long and short weirs, 
and weir-basins ; extent of back-water from weirs ; contracted 
channels ; catchment-basins ; hydrostatic and hydraulic pressure ; 
water-power, &c &c. 

Levelling, 

A TREATISE on the PRINCIPLES and PRACTICE of 
LEVELLING ; showing its AppUcation to Purposes of Railway 
and Civil Engineering, in the Construction of Roads ; with Mr. 
Telford's Rules for the same. By Frederick W. Simms, 
F.G.S., M. Inst. C.E. Fifth Edition, very carefully revised, with 
the addition of Mr. Law's Practical Examples for Setting out 
Railway Curves, and Mr. Trautwine's Field Practice of Laying 
out Circular Curves. With 7 Plates and numerous Woodcuts. 8vo, 
Ss. 6d, cloth. %* Trautwine on Curves, separate, price 5j. 

"One of the most important text-books for the general surveyor, and there is 
scarcely a question connected with levelling for which a solution would be soug^ht but 
that would be satisfactorily answered by consulting the volume." — Mining^ youmal. 

' ' The text-book on levelling in most of our engineering schools and coll^res." — 

Eiigitieer, 

" The publishers have rendered a sujbstantial service to the profession, especially to 
the younger members, by bringing out the present edition of Mr. Simms's useful work." 
— Engitieering. 

Tunnelling, 

PRACTICAL TUNNELLING ; explaining in Detail the Setting 
out of the Works ; Shaft Sulking and Heading Driving ; Ranging 
the Lines and Levelling Under-Ground ; Sub- Excavating, Timber- 
ing, and the construction of the Brickwork of Tunnels ; with the 
Amount of Labour required for, and the' Cost of the various Por- 
tions of the Work. By Fredk. W. Simms, F.R.A.S., F.G.S., 
M. Inst. C.E., Author of **A Treatise on the Principles and 
Pmctice of Levelling," &c. &c Second Edition, revised by W. 
Davis Haskoll, Civil Engineer, Author of "The Engineer's 
Field-Book, " &c. &c. With 16 large folding Plates and numerous 
Woodcuts. Imperial 8vo, i/, \s, cloth. 
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Strength of Cast Iron^ &c. 

A PRACTICAL ESSAY on the STRENGTH of CAST IRON 
and OTHER METALS ; intended for the Assistance of Engineers, 
Iron-Masters, Millwrights, Architects, Founders, Smiths, and 
others engaged in the Construction of Machines, Buildings, &c. ; 
containing Practical Rules, Tables, and Examples, founded on a 
series of New Experiments ; with an Extensive Table of the Pro- 
perties of Materials. By the late Thomas Tredgold, Mem. Inst. 
C.E., Author of ** Elementary Principles of Carpentry," ** History 
of the Steam-Engine," &c. Fifth Edition, much improved. 
Edited by Eaton Hodgkinson, F.R.S. ; to which are added 
EXPERIMENTAL RESEARCHES on the STRENGTH and 
OTHER PROPERTIES of CAST IRON ; with the Develop- 
ment of New Principles, Calculations Deduced from them, and 
Inquiries Applicable to Rigid and Tenacious Bodies generally. By 
the Editor. The whole Illustrated with 9 Engravings and nume- 
rous Woodcuts. 8vo, I2J. cloth. 

%* Hodgkinson's Experimental Researches on the 
Strength and Other Properties of Cast Iron may be had 
separately. With Engravings and Woodcuts. 8vo, price df. cloth. 

The High-Pressure Steam Engine. 

THE HIGH-PRESSURE STEAM ENGINE ; an Exposition 
of its Comparative Merits, and an Essay towards an Improved 
System of Construction, adapted especially to secure Safety and 
Economy. By Dr. Ernst Alban, Practical Machine Maker, 
Plau, Mecklenberg. Translated from the German, with Notes, by 
Dr. Pole, F.R.S., M. Inst. C.E., &c. &c. With 28 fine Plates, 
8vo, i6j". (id. cloth. 

" A work like this, which goes thoroughljr into the examination of the high-pressure 
engine, the boiler, and its appendages, &c., is exceedingly useful, and deserves a place 
in every scientific library." — Steam Shipping Chronicle, 

Tables of Curves. 

TABLES OF TANGENTIAL ANGLES and MULTIPLES 
for setting out Curves from 5 to 200 Radius. By Alexander 
Beazeley, M. Inst. C.E. Printed on 48 Cards, and sold in a 
cloth box, waistcoat-pocket size, price 31". 6d, 

'' Each table is printed on a small card, which, being placed on the theodolite, leaves 
the hands free to manipulate the instrument — no small advantage as regards the rapidity 
of work. They are clearly printed, and compactly fitted into a small case for the 
ix)cket — an arrangement that will recommend tnem to all practical men/' — Engineer. 

" Very handy : a man may know that all his day's work must fall on two of these 
cards, which he puts into his own card-case, and leaves the rest behind." — Athenetum. 

Layifig Out Curves. 

THE FIELD PRACTICE of LAYING OUT CIRCULAR 
CURVES for RAILROADS. By John C. Trautwine, C.E., 
of the United States (extracted from SiMMS*s Work on LevelUng). 

8vo, 5 J. sewed. 



10 EDUCATIONAL WORKS. 

25. FEENCH DICTIONARY, by Elwea. Vol. 1. Fr.— Eng. Is. 

26. Vol.2. English— French. U.Qd, 

Complete in 1 vol. 2s. Qd, ; cloth boards, 3«. ^, 

, with Grammar. Cloth bds. 4s. 6d. 

27. ITALIAN GRAMMAR, by A. Elwea. U, 

28. TRIGLOT DICTIONARY, by A. Elwes. VoL 1. 

Italian — English — French. 2s, 

30. Vol. 2. English— French— Italian. 2s. 

32. Vol. 3. French— Italian— English. 2«. 

Complete in 1 vol. Cloth boards, 7». Qd, 

, with Grammar. Cloth bds. 8s, 6dL 

34. SPANISH GRAMMAR, by A. Elwes. ]«. 

35. ENGLISH AND ENGLISH— SPANISH DIC- 
TIONARY, by A. Elwes. 4s. ; cloth boards, 5«. 

., with Grammar. Cloth boards, 6«. 

39. GERMAN GRAMMAR, by G. L. Strauss. 1*. 

40. READER, from best Authors. I*. 

41. TRIGLOT DICTIONARY, by N.E. S. A. Hamilton. 

Vol.1. English — German — ^French. Is. 

42. Vol. 2. German — French— English. 1». 

43. Vol. 3. French — G«rman — ^English. 1*. 

! Complete in 1 vol. 3s. ; clo& boards, 48. 

i I , with Grammar. Cloth boardB, Ss. 

44. HEBREW DICTIONARY, by Bresslau. Vol. 1. Heb.— Eng. 6s. 
•1 , with Grammar. 7a. 

^ 46. Vol. 2. English— Hebrew. Ss. 

Complete, with Grammar, in 2 vols. Cloth boards, 12s. 

46*. GRAMMAR, by Dr. Bresslau. 1«. 

47. FRENCH AND ENGLISH PHRASE BOOK; U. 

48. COMPOSITION AND PUNCTUATION, by J. Brenan. Is. 

49. DERIVATIVE SPELLING BOOK, by J. Rowbotham. Is.Qd. 

50. DATES AND EVENTS. A Tabular View of English History, 
with Tabular Geogjraphy, by Ed^r H. Rand. [InPr^MraHon. 

ART OF EXTEMPORE SPEAKING. Hmts for the 
Pulpit, the Senate, and the Bar, by M. Bautain, Professor at 
the Sorbonne, &c. [Just ready. 
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J^ire Eyigineering, 

FIRES, FIRE-ENGINES, AND FIRE- BRIGADES. With 
a History of Manual and Steam Fir«-Bngines, their Construc- 
tion, Use, and Managjjement ; Remarks on Fire-Proof Build- 
ings, and the Preservation of Life from Fire ; Statistics of the Fire 
Appliances in English Towns ; Foreign Fire- Systems ; Hints for 
the formation of, and Rules for, Fire Brigades ; and an Account of 
American Steam Fire-Engines. ByCHAKLES F. T, Yoimo, C.E., 
Author of ** The Economy of Steam Power on Common Roads," 
&c. With numerous Illustrations,. Diagrams^. &c.^ handsomely 
printed, 544 pp., demy 8vo, price i/. 4^. cLotlL. 

" A large well-fUled and usefol book upon a subject which possesses a wide and 

uicreasinz public interest To such of our readers as are interested in the 

subject of fires and fire apparatus we can most heartily commend this book. .... 
It is really the only English work we now have upon the subject." — EngineeriMg. 

" Great credit is unquestionably due to Mr. Young for having brought before the 
public the results of his exploration in this hitherto untrodden neld. We.stijoiu^y 
reconunend the book to the notice of all who axe in any way interested in fires, me- 
cngines, or fire-brigades." — Mechanics* Maga*ifte» 

Mantml of Mining Tools. 

MINING TOOLS. For the use of Mine Managiers, Agents, 
Mining Students, &c. By William Morgans, Lecturer on Prac- 
tical Mining at the Bristol School of Mines. i2mo, 3J. 6d. With 
an Atlas of Plates, containing 235 Illustrations. 4to, dr. [^Ready, 

'' Wc cordially commend these pages to the working miners and artisans, whose 

best interest Mr. Morgan's work is in every respect calculated to promote 

He has beyond all question made a very substantial and much needed contribution to 
the Art literature of mx important branch of l^glish industry." — Mechanic^ Maga- 
zi/te, Oct. 28th, 1871. 

" Students in the Science of Mining, and not only they, but subordinate officials in 
mines, and even Overmen, Captains, Managers, and Viewers may gain practical 
knowledge and useful hints by the study of Mr. Morgan's Manual." — Colliery 
Guardian, Sept. 8th, 1871. 

" A very valuable work, which it is not unreasonable to suppose, if it be generally 
taken up, will tend materially to improve our mining literature." — Mining y^ttnuu, 

Sept. yth, 1 87 1. 

Earthwork, Measurement and Calculation of, 

A ]MANUAL on EARTHWORK. By Alex. J. S. Graham, 
C.E., Resident Engineer, Forest of Dean Central Railway. With 
numerous Diagrams. i8mo, 2j. (xL cloth. 

" As a really handy book for reference, we know of no work equal to it ; and the 
railway engineers and others employed in the measurement and calculation of earth- 
w (;rk will And a great amount of practical information very admirably arranged, and 
available fur general or rough estimates, as well as for the more ^xact calculations 
required in the engineers' contActor's offices.'' — Artizan. 

" The object of this litde book is an investigation of all the principles requisite for 
the measurement and calculation of earthworks, and a consideration of the (kita neces- 
>ary for such operations. The author has evidently bealowsed much care in effecting 
this object, and points out with much clearness the results of his own observations, 
derived from practical experience. The suluects treated of are accompanied by well- 
executed diagrams and instructive examples. '—Army and Navy Gnaette. 
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GREEK SERIES. 

WITH EXPLANATOKY NOTES IN ENGLISH. 



1. A NEW GREEK DELECTUS, by H. Young . Is, 

2. XENOPHON. Anabasis, i. ii. iii., by H. Young . . U. 

3. XENOPHON. Anabasis, iv. v. vi. vii., by H. Young . 1^. 

4. LUCIAN. Select Dialogues, by H. Young . , , Is, 

5. HOMER. Hiad, i. to vi., by T. H. L. Leary, D.C Ji. Is, Gd. 

6. HOMER. Iliad, vu. to xii., by T. H. L. Leary, D.C.L. Is. Qd. 

7. HOMER. Hiad, xiii. to xviii., by T.H. L. Leary, D.C.L. Is. 6d. 

8. HOMER. Iliad, xix. to xxiy., by T. H. L. Leary, D.C.L. Is. 6rf. 

9. HOMER. Odyssey, i. to vi., by T. H. L. Leary, D.C.L. Is. Gd. 
10. HOMER. Odyssey, vu. to xii., by T. H. L. Leary, D.C.L. Is. 6d. 
U. HOMER. Odyssey,xiii.toxviii.,byT.H.L.Leary,D.C.Ii. Is.Gd. 

12. HOMER. Odyssey, xix. to xxiv. ; and Hymns, by T. H. L^ 

Leary, D.C.L &. 

13. PLATO. Apologia, Crito, and Phaedo, by J. Davies, M.A. 28. 

14. HERODOTUS, Books i. ii., by T. H. L. Leary, D.C.L. Is. Qd. 

15. HERODOTUS, Books iii. iv., by T. H. L. Leary, D.C.L. Is. 6d. 

16. HERODOTUS, Books v.vi. vii., by T.H.L. Leary, D.C Ji. U.Gd. 

17. HERODOTUS, Books viii. ix., and Index, by T. H. L. 

Leary, D.C.L Is.Qd. 

18. SOPHOCLES. (Edipus Tyrannus, by H. Young . . Is. 
20. SOPHOCLES. Antigone, by J. Milner, B.A. . . .2s. 
23. EURIPIDES. Hecuba and Medea, by W. B. Smith, M JL Is. 6d. 
26. EURIPIDES. Alcestis, by J. Milner, B.A. . . .Is. 
30. AESCHYLUS. Prometheus Vinctus, by J. Davies, M.A. . U. 
32. uESCHYLUS. Septem contra Thebas, by J. Davies, M JL la. 

40. ARISTOPHANES. Achamenses, by C. S. D. Townshend, 

M.A ls.6d. 

41. THUCYDIDES. Peloponnesian War. Book i., by H. Young Is. 

42. XENOPHON. Panegyric on Agesikus, by LI. P. W. Jewitt 1#.6A 

LOCKWOOD & CO., 7, STATIONEES' HALL COURT. 
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Bridge Construction in Masonry y Timber^ and 
Iron. 

EXAMPLES OF BRIDGE AND VIADUCT CONSTRUC- 
TION OF MASONRY, TIMBER, AND IRON ; consisting of 
46 Plates from the Contract Drawings or Admeasurement of select 
Works. By W. Davis Haskoll, C.E. Second Edition, with 
the addition of 554 Estimates, and the Practice of Setting out Works, 
illustrated with 6 pages of Diagrams, Imp. 4to, price 2/. \2s, 6d. 
lialf-morocco. 

" One of the very few works extant descending to the level of ordinary routine, and 
treating on the common cvery-day practice of the railway engineer. ... A work of 
the present nature by a man of Mr. HaskoU's experience, must prove invaluable to 
hundreds. The tables of estimates appended to this edition will considerably enhance 
its value." — Engifieering. 

*' We must express our cordial approbation of the work just issued by Mr. HaskoU. 
.... Besides examples of the best and most economical forms of bridge construction, 
the author has compiled a series of estimates which cannot fail to be of service to the 
practical man. . . . The examples of bridges are selected from those of the most notable 
construction on the different lines of the kingdom, and their details may consequently 
be safely followed." — Railway News. 

"A very valuable volume, and may be added usefully to the library of every young 
engineer. " — Builder. 

" An excellent selection of examples, very carefully drawn to useful scales of pro- 
portion. " — A riizan. 

Mathematical and Drawing Instruments, 

A TREATISE ON THE PRINCIPAL MATHEMATICAL 
AND DRAWING INSTRUMENTS employed by the Engineer, 
Architect, and Surveyor. By Frederick W. Simms, F.G.S., M. 
Inst. C.E., Author of ** Practical Tunnelling," &c. &c. Third 
Edition, with a Description of the Theodolite, together with Instruc- 
tions in Field Work, compiled for the use of Students on commenc- 
ing practice. With numerous Cuts. i2mo, price y. 6d. cloth. 

Oblique Arches, 

A PRACTICAL TREATISE ON THE CONSTRUCTION of 
OBLIQUE ARCHES. By John Hart. Third Edition, with 
Plates. Imperial 8vo, price Sj. cloth, 

*»* The small remaining stock of this work^ which has been un- 
obtainable for some time ^ has just been purchased by LoCKWOOD & Co. 



Oblique Bridges. 

A PRACTICAL and THEORETICAL ESSAY on OBLIQUE 
BRIDGES, with 13 large folding Plates. By Geo. Watson 
Buck, M. Inst. C.E. Second Edition, corrected by W. H. 
Barlow, M. Inst. C.E. Imperial 8vo, 12s, cloth. 

"The standard text-book for all engineers regarding skew arches, is Mr. Buck's 
treatise, and it would be impossible to consult a better." — Engineer. 

*' A very complete treatise on the subject, re-edited by Mr. Barlow, who has added 
to it a method of making the requisite calculations without the use of trigonometrical 
formulae. ' ' — Builder. 
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Weale's Series of Rudimentary Works. 

These highly popular ajid cheap Series of Books, now oompriaing 
nearly Three Hundred dlstinot Works in almost every department of 
Science, Art, and Bduoation, are recommended to the notioe of Bn- 
gineers, Architects, Builders, Artizans, and Students generally, as well 
as to those interested in Workmen's Iiihraries, Free Iiibraries, liiterary 
and Scientiilo Institutions, Colleges, Schools, Science Classes, fto., fto. 

Lists of the sereral Series may be had on application to IiOOKWOOD 
ft CO. 

The following is a Selection of the Works on Civil Engineering^ tSrV. — 

STEAM ENGINE. By Dr. Lardneb. is. 

TUBULAR AND IRON GIRDER BRIDGES, including the Britannia and 
Conway Bridges. By G. D. Dbmpssy. xs. dd. 

STEAM BOILERS, their Construction and Managonent. By R. Armstrong. 

With Additions, is. 6d. 

RAILWAY CONSTRUCTION. By Sir M. Stephenson. New Edititm^ v. 6d. 
STEAM ENGINE, Mathematical Theory of. By T. Baker, is. 

ENGINEER'S GUIDE TO THE ROYAL AND MERCANTILE NAVIES. 

By a Practical Engineer. Revised by D. F. McCarthy. 3*. 

LIGHTHOUSES, their Construction and Illumination. By Alan Stbvbnson. y 

CRANES AND MACHINERY FOR RAISING HEAVY BODIES, the Art of 

Constructing. By J. Glynn, is. 

CIVIL ENGINEERING. By H. Law and G. R. Burnell. New Edition^ 5*. 
DRAINING DISTRICTS AND LANDS. By G. D. Dempsev. m.&/. l The 
DRAINING AND SEWAGE OF TOWNS AND BUILDINGS. By f a vols, in i, 
G. D. Dempsey. is. j 3»- 

WELL-SINKING, BORING, AND PUMP WORK. By J. G. Swindell ; 
Revised by G. R. Burnell. ij. 

ROAD-MAKING AND MAINTENANCE OF MACADAMISED ROADS. 
By Gen. Sir J. Burgoyne. u. dd. 

AGRICULTURAL ENGINEERING, BUILDINGS, MOTIVE POWERS, 
FIELD MACHINES, MACHINERY AND IMPLEMENTS. By G. H. 
Andrews, C.E. 3J. 

ECONOMY OF FUEL. By T. S. Prideaux. xs. 6d. 

EMBANKING LANDS FROM THE SEA. By J. Wiggins, m. 

WATER POWER, as applied to Mills, &c By J. Glynn. 2j. 

GAS WORKS, AND THE PRACTICE OF MANUFACTURING AND 
DISTRIBUTING COAL GAS. By S. Hughes, C.E. 3J. 

WATERWORKS FOR THE SUPPLY OF CITIES AND TOWNS. By S. 
Hughes, C.E. y. 

SUBTERRANEOUS SURVEYING, AND THE MAGNETIC VARIATION 
OF THE NEEDLE. By T. Fenwick, with Additions by T. Baker. 2*. 6d, 

CIVIL ENGINEERING OF NORTH AMERICA. By D. Stbyenson. 3*. 

HYDRAULIC ENGINEERING. By G. R. Burnell. 3*. 

RIVERS AND TORRENTS, with the Method of Regulating their Course and 
Channels, Navigable Canals, &c., from the Italian of Paul Frisl a». 6ei. 

COMBUSTION OF COAL AND THE PREVENTION OF SMOKE. By 
C. Wye Williams, M.I. C.E. y. 

TER POWER, as appUed to Mills, &c. By J. Glynn, ar. 

RINE ENGINES and STEAM VESSELS and the SCREW. By Robsrt 
Murray, C.E. Fifth Rdition. ^s. 
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ARCHI TECTUR E, &c. 

♦ 

Construction, 

THE SCIENCE of BUILDING : an Elementary Treatise on 

the Principles of Construction. By E. Wyndham Tarn, M.A., 

Architect. Illustrated with .47 Wood Engzaviogs. Demy 8vo, 

price Sj-. (>d. cloth. \Recently published, 

" A very valuable book, which we strongly recomrnend to all studeats. -—Buiidgr. 

•'While Mr. Tarn's valuable little volume is quite sufficientty scientific to answer 

the purposes intended, it is written in a style that will deservedly make it popular. 

The diagrams are numerous and exceedingly well executed, and the treatise does 

credit alike to the author and the publisher.' —iE'«^T«^«', Feb. 17, 1871. 

"No architectural student should be without this hand-boo^c of Gtmstrucdoftal 
knowledge." — A rchitect. 

"The book is very £ar from being a mere compiiadon ; it is -an able idigest of 
information which is only to be found scattered through various works, and contains 
more really original writing than many putting forUi fi&r stronger claims to originality." 
— Engineering. 

Beaton s Pocket Estimator. 

THE POCKET ESTIMATOR FOR THE BUILDING 
TRADES, being an easy method of estimating the various parts 
of a Building collectively, more especially applied to Carpenters' 
and Joiners' work, priced according to the present value of material 
and labour. By A. C. Beaton, Author of * Quantities and 
Measurements.' 33 Woodcuts. Leather, waistcoat-pocket size. 2j. 

Beat oris Builders^ and Surveyors . Technical Guide, 

THE POCKET TECHNICAL GUIDE AND MEASURER 
FOR BUILDERS AND SURVEYORS: containing a Complete 
Explanation of the Terms used in Building Construction, Memo- 
randa for Reference, Technical Directions for Measuring Work in 
all the Building Trades, with a Treatise on the Measurement of 
Timbers, and Complete Specifications for Houses, Roads, and 
Drains. By A. C. Beaton, Author of 'Quantities and Measure- 
ments. ' With 19 Woodcuts. Leather. Waistcoat pocket size. 

{^Nearly ready. 

Villa Architecture, 

A HANDY BOOK of VILLA ATICHITECTURE ; being a 
Series of Designs for Villa Residences in 'various Styies. With 
Detailed Specifications and Estimates. By C. WiCKES, Architect, 
Author of " The Spires and Towers of the Mediaeval Churches of 
England," &c. First Series, consisting of 30 Plates ; Second 
Series, 31 Plates. Complete in I voL, 4to, price 2/. lar. half 
morocco. Either Series separate, price i/. *js, each, half morocco. 
" The whole of the designs bear evidence of their 1»euig the work of an artistic 

architect, and they will prove very valuable and suggestive to architects, students, and 

amateurs." — Building News. 

The Architect' s Guide, 

THE ARCHITECT'S GUIDE ; or, Ofl&ce and Pocket Com- 
panion for Engineers, Architects, Land and Building Smreyors, 
Contractors, Builders, Clerks of Works, &c. By W. DAVIS 
Haskoll, C.E., R. W. Billings, Architect, F. Rogers, and 
P. Thompson. With numerous Experiments by G; Kjuanie, 
C.E., &c. Woodcuts, i2mo, cloth, price 3^. 6^. 
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Vttruvtus' Architecture. 

THE ARCHITECTURE OF MARCUS VITRUVIUS 
POLLIO. Translated by Joseph Gwilt, F.S.A., F.R.A.S. 
Numerous Plates. i2mo, cloth limp, price 5^. 



The Young Architect's Book. 



HINTS TO YOUNG ARCHITECTS. By George Wight- 
wick, Architect, Author of " The Palace of Architecture," &c. &c. 
Second Edition. With numerous Woodcuts. 8vo, 7j., extra cloth. 

Drawifigfor Builders and Students. 

PRACTICAL RULES ON DRAWING for the OPERATIVE 
BUILDER and YOUNG STUDENT in ARCHITECTURE. 
By George Pyne, Author of a " Rudimentary Treatise on Per- 
spective for Beginners." With 14 Plates, 4to, *]s, 6d,, boards. 

Contents. — I. Practical Rules on Drawing — Outlines. II. Ditto — the Grecian 
and Roman Orders. III. Practical Rules on Drawing — Perspective. IV. Practical 
Rules on Light and Shade. V. Practical Rules on Colour, &c. &c 

Drawing for Engineers, &c. 

THE WORKMAN'S MANUAL OF ENGINEERING 
DRAWING. By John Maxton, Instructor in Engineering 
Drawing, South Kensington. With upwards of 300 Plates and 
Diagrams. i2mo, cloth, strongly bound, 4^. 6d, [Nimu ready. 

Cottages, VillaSy and Comttry Houses. 

DESIGNS and EXAMPLES of COTTAGES, VILLAS, and 
COUNTRY HOUSES ; being the Studies of several eminent 
Architects and Builders ; consisting of Plans, Elevations, and Per- 
spective Views ; with approximate Estimates of the Cost of each. 
In 4to, with 67 plates, price U. is., cloth. 

Weale's Builders and Contractor's Price Book. 

THE BUILDER'S AND CONTRACTOR'S PRICE BOOK 
(LocKWOOD & Co.'s, formerly Weale's). Published Annually. 
Containing Prices for Work in all branches of the Building Trade, 
with Items numbered for easy reference, and an Appendix of 
Tables, Notes, and Memoranda, arranged to afford detailed infor- 
mation, commonly required in preparing Estimates, &c. Originally 
Edited by the late Geo. R. Burnell, C.E., &c. i2mo, 4.?., cloth. 

*' A multitudinous variety of useful information for builders and contractors 

With its aid the prices for all work connected with the building trade may be esti- 
mated." — Building News. 

*' Carefully revbed, admirably arranged, and clearly printed, it offers at a glance a 
ready method of preparing an estimate or specification upon a basis that is unquestion- 
able. A reliable book of reference in the event of a dispute between emploj'cr and 
employed" — Engi7ieer. 

" Mr. Burnell has omitted nothing from this work that could tend to render it 
valuable to the builder or contractor.— ^/rcAawK-'j Magazine, 
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Ha7idbook of Specifications. 

THE HANDBOOK OF SPECIFICATIONS; or, Practical 
Guide to the Architect, Engineer, Surveyor, and Builder, in drawing 
up Specifications and Contracts for Works and Constructions. 
Illustrated by Precedents of Buildings actually executed by eminent 
Architects and Engineers. Preceded by a Preliminary Essay, and 
Skeletons of Specifications and Contracts, &c., &c., and explained 
by numerous Lithograph Plates and Woodcuts. By Professor 
Thomas L. Donaldson, President of the Royal Institute of British 
Architects, Professor of Architecture and Construction, University 
College, London, M.I.B.A., Member of the various European 
Academies of the Fine Arts. With A Review of the Law of 
Contracts, and of the Responsibilities of Architects, Engineers, 
and Builders. By W. CUNNINGHAM Glen, Barrister-at-Law, of 
the Middle Temple. 2 vpls., 8vo, with upwards of iioopp. of 
text, and 33 Lithographic Plates, cloth, 2/. 2j. (Published at 4/. ) 

" In these two volumes of 1,100 pages (together), forty-four specifications of executed 
works are given, including the specifications for parts of the new Houses of Parliament, 
by Sir Charles Barry, and for the new Royal Exchange, by Mr. Tite, M.P. The 
latter, in particular, is a very complete and remarkable document It embodies, to a 
great extent, as Mr. Donaldson mentions, ' the bill of quantities, with the description 
of the works,' and occupies more than 100 printed pages. 

' ' Amongst the other known buildings, the specifications of which are given, are 
the Wiltshire Lunatic Asylum (Wyatt and Brandon) ; Tothill Fields Prison (R. Abra- 
ham' ; the City Prison, Holloway (Bunning) ; the High School, Edinburgh (Hamilton) ; 
Clothworkers* Hall, London (Angel) ; Wellington College, Sandhurst (J. Shaw) ; 
Houses in Grosvenor Square, and elsewhere ; Sl George's Church, Doncaster 
Scott; ; several works of smaller size by the Author, including Messrs. Shaw's Ware- 
house in Fetter Lane, a very successful elevation ; the Newcastle-upon-Tyne Railway 
Station (J. Dobson) ; new Westminster Bridge (Page) ; the High Level Bridge, New- 
castle (R. Stephenson) ; various works on the Great Northern Railway (Brydone) ; 
and one French specification for Houses in the Rue de Rivoli, Paris (MM. Armand, 
Hittorff, Pellechet, and Rohault de Fleury, architects). The last is a very elaborate 
composition, occupying seventy pages. The majority of the specifications have illus- 
trations in the shape of elevations and plans. 

" We are most glad to have the present work. It is valuable as a record, and more 
valuable still as a book of precedents. 

"About 140 pages of the second volume are appropriated to an exposition of the 
law in relation to the legal liabilities of engineers, architects, contractors, and builders, 
by Mr. W. Cunningham Glen, Barrister-at-law ; intended rather for those persons 
than for the legal practitioner. Suffice it, in conclusion, to say in words wnat our 
readers will have gathered for themselves from the particulars we have given, that 
Donaldson's Handbook of Specifications must be bought by all zi€taX.ex:X&**— Builder, 



Mechanical Engineering. 



A PRACTICAL TREATISE ON MECHANICAL ENGI- 
NEERING: comprising Metallurgy, Moulding, Casting, Forging, 
Tools, Workshop Machinery, Mechanical Manipulation, Manufac- 
ture of the Steam Engine, &c. &c. With an Appendix on the 
Analysis of Iron and Iron Ore, and Glossary of Terms. By Francis 
Cam PIN, C.E. Illustrated with 91 Woodcuts and 28 Plates of 
Slotting, Shaping, Drilling, Punching, Shearing, and Riveting 
Machines — Blast, Refining, and Reverberatory Furnaces — Steam 
Engines, Governors, Boilers, Locomotives, &c. Demy 8vo, cloth, 
price lis. 
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Grantham s Iron Ship-Building, enlarged. 

ON IRON SHIP-BUILDING; with Practical Examples an< 
Details. Fifth Edition. Imp. 4to, boards, enlarged from 24 to 4< 
Plates (21 quite new), including the latest Examples. Tpgetbe: 
with separate Text, i2mo, cloth limp, also considerably enlarged. 
By John Grantham, M. Inst. C.E., &c Price 2/. zs, complete 



Description of Plates, 



1. 

2. 

3. 



4rt, 

5- 

6. 



8. 



10. 



II. 
12. 



13- 

15. 
i5« 



Hollow and Bar Keds, Stem and 
Stem Posts. [Pieces. 

Side Frames, Floorings, and Bilge 

Floorings continued — Keelsons, Deck 
Beams, Gunwales, and String^crs. 

Gunwales continued — Lower Decks, 
and Orlop Beams. 

Gunwales and Deck Beam Iron. 

Angle-Iron, T Iron, Z Iron, Bulb 
Iron, as Rolled for Building. 

Rivets, shown in section, natural size ; 
Flush and Lapped Joints, vdth 
Single and Double Riveting. 

Plating, three plans ; Bulkheads and 
Modes of Securing them. 

Iron Masts, with Longitudinal and 
Transverse Sections. 

SlidingKecl, VVater Ballast, Moulding 
the Frames in Iron Ship Building, 
Levelling Plates. 

Longitudinal Section, and Half- 
breadth Deck Plan of Large Vessels 
on a reduced Scale. 

Midship Sections of Three Vessels. 

Large Vessel y showing Details — Fore 
End in Section, and End View, 
with Stem Post, Cmtches, &c. 

Zrtr^^K«jf/,showing Details — ^^4/if^r ; 
Efid in Section, with End View, 
Stem Frame for Screw, and Rudder. 

Lar^e Kmj^/, showing Details— iJ/fif/- 
shtp SectioUy half breadth. 

Machines for Punching and Shearing 
Plates and Angle-Iron, and for 
Bending Plates ; Rivet Hearth. 
, Beam-Bending Machine, Indepen- 
dent Shearing, Punching and Angle- 
Iron Machine. 



153. DonUe Lever Punching and Shearinj 
Machine, airanged for cuttinj 
Anele and T Iron, with Dividinj 
Table and En^ne. 

x6. JI/arAi>rer.~-<}arforth's Riveting Ma 
chine, Drilling and Counter-Smkinj 
Machine. 

\ta. Plate Planing Machine. 

17. Air Furnace for Heating Plates anc 
Angle-Iron : Various ^nxjls used \i 
Riveting and Platiiifi' 

x8. Gunwale ; Keel and Flooring ; Blai 
for Sheathing with Copper. 

18a. Grantham's Improved Puui of Sheath 
ing Iron Ships with Copper. 
Illustrations of the Magnetic Condi 

tion of various Iron Ships. 
Gray's Floating Compass and Bin 
nacle, with Adjusting- Masnets, &c 
Corroded Iron Bolt in rVame ol 
Wooden Ship i Jointing Plates. 
Great Eastern — Loneitndinal Sec- 
tions and Half-breadtn Plan»— Mid- 
ship Section, with Details — Sectkv 
in Engine Room, and Paddle Boxes. 

25-6. Paddle Steam Vessd of Steel. 

27. ^'Atr^rrajfA— Paddle Vessel of Sted. 

2S-9. Proposed Passenger Steamer. 

30. Persian — Iron Screw Steamer. 

31. Midship Section of H.M. Stesnr 
Fri&;ate, IVarrior. 

Midship Secrion of H.M. Stean 

Frigate, Hercules. 
Stem, Stern, and Rudder of H.M, 

Steam Frigate, 'BelleroMoH, 
Midship Section of H.M. xroop Ship, 

SetvAis. 
Iron Floating Dock. 



19. 



20. 



21. 



22-4. 



32- 

33- 



34 



35 



'* An enlarged edition of an elaborately illustrated work." — Builder, July xi, x868, 

" This edition of Mr. Granthani's work has been enlai^ged and improved, both witl: 
respect to the text and the engravings bcin^ brought down to the present period . . 
The practical operations required in produang a ^pare described and illustrated witi: 
care and precision." — Mechanics^ Maga^tine^ July 17, 1868. 

I* A thoroughly practical work, and every question of the many in relation to iroa 

shipping which admit of diversity of opinion, or have various and conflicting personal 

nterests attached to them, is treated with sober and impartial wisdom and good sense, 

. As good a volume for the instruction of the pupil or student of iron naval 

architecture as can be found in any language, "—/'nw/if a/ MecJumidt y^umal. 

August, 1868. 

"A very elaborate work. . . . It forms a most valuable addition to the history 
of iron shipbuilding, while its having been prepared by one who has made the subject 
his study for many years, and whose qualifications have been repeatedly recognised, 
will recommend it as one of practical utility to all interested in shipbuilding. ^—vfnwr 
ana Xavy Gazette ^ July 11, 1868. 
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CARPENTRY, TIMBER, &c. 

» 

TredgolcTs Carpentry^ new & enlarged Edition. 

THE ELEMENTARY PRINCIPLES OF CARPENTRY : 
a Treatise on the Pressure and Equilibrium of Timber Framing, the 
Resistance of Timber, and the Construction of Floors, Arches, 
Bridges, Roofs, Uniting Iron and Stone with Timber, &c. To which 
is added an Essay on the Nature and Properties of Timber, &c., 
with Descriptions of the Kinds of Wood used in Building ; also 
numerous Tables of the Scantlings of Timber for different purposes, 
the Specific Gravities of Materisds, &c. By Thomas Tredgold, 
C.E. Edited by Peter Barlow, F.R.S. Fifth Edition, cor- 
rected and enlarged. With 64 Plates (i I of which now first appear 
in this edition). Portrait of the Author, and several Woodcuts. In 
I vol., 4to, published at 2.1. 2j., reduced to i/. 5^., cloth. 

" * Tredgold's Carpentry* ought to be in every architect's and every builder's 
brary, aud those who do not already possess it ought to avail themselves of the new 
sue." — Builder, April 9, 1870. 

A work whose monumental excellence must commend it wherever skilful car- 
twxry is concerned. The Author's principles are rather confirmed than impaired by 
me, and, as now presented, combine the surest base with the most interesting display 
r progressive science, llie additional plates are of great intrinsic value."— -^a»Ze/<M^ 

'tnvsy Feb. 25, 1870. 

*' ' Tredgold 's Carpentry' has ever held a high position, and the issue of the fifth 
iition, in a still more improved and enlarged form, will give ssitisfiaction to a very 
iree number of artisans who desire to raise themselves in their business, and who 
:eK to do so by displaying a greater amount of knowledge and intelligence than their 
:llow-workmen. It is as complete a work as need be desired. To the superior 
orkman the volume will prove invaluable ; it contains treatises written in language 
hich he will readily comprehend." — Mming Journal^ Feb. 12, 1870. 

Irandys Timber Tables. 

THE TIMBER IMPORTER'S, TIMBER MERCHANTS, 

and BUILDER'S STANDARD GUIDE. By Richard E. 

Grandy. Comprising : — An Analysis of Deal Standards, Home 

and Foreij^i, with comparative Values and Tabular Arrangements 

for P ixing Nett Landed Cost on Baltic and North American Deals, 

including all intermediate Expenses, Freight, Insurance, Duty, &c., 

<S:c. ; together with Copious Information for the Retailer and 

Builder. i2mo, price 7j. 6^. cloth. 

" Everything it pretends to be : built up gradually, it leads one rom a forest to a 
enail, and throws in, as a makeweight, a host of material concerning bricks, columns, 
i:>temb, &c. — all that the class to whom it appeals requires." — •English MecAamc. 

" The only difficulty we have is as to what is not in its pages. What we have tested 
fthe cuuten Is, taken atrandom, is invariably correct." — lUustraiedBuildet'sJoumalf 

Tables for Packing -Case Makers. 

PACKING-CASE TABLES ; showing the number of Superficial 

Feet in Boxes or Packing-Cases, from six inches sqtiare and 

upwards. Compiled by WiLLlAM RicUAROSON, Accountant. 

Oblong 4to, cloth, price 3J. dd. 

"Will save much labour and calculation to packing-case makers and those who use 
acking-casc;>. ' '^<irocer. * * Invaluable labour-saving tables. '*— Ir o nm o nge r. 
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Nicholson's Carpenter s Guide. 

THE CARPENTER'S NEW GUIDE ; or, BOOK of LINES 
for CARPENTERS : comprising all the Elementary Principles 
essential for acquiring a knowledge of Carpentry. Founded on the 
late Peter Nicholson's standard work. A new Edition, revised 
by Arthur Ashpitel, F.S.A., together with Practical Rules on 
Drawing, by George Pyne. With 74 Plates, 4to, i/. \s, cloth. 

Dowsing s Timber Merchant' s Companion. 

THE TIMBER MERCHANT'S AND BUILDER'S COM- 
PANION ; containing New and Copious Tables of the Reduced 
Weight and Measurement of Deals and Battens, of all sizes, from 
One to a Thousand Pieces, and the relative Price that each size 
bears per Lineal Foot to any given Price per Petersburgh Standard 
Hundred ; the Price per Cube Foot of Square Timber to any given 
Price per Load of 50 Feet ; the proportionate Value of Deals and 
Battens by the Standard, to Square Timber by the Load of 50 Feet ; 
the readiest mode of ascertaining the Price of Scantling per Lineal 
Foot of any size, to any given Figure per Cube Foot. Also a 
variety of other valuable information. By William Dowsing, 
Timber Merchant. Second Edition. Crown 8vo, 3^. cloth. 

** Everything is as concise and clear as it can possibly be made. There can be no 
doubt that every timber merchant and builder ought to possess it,because such possession 
would, with use, unquestionably save a very great deal of time, and, moreover, ensure 
perfect accuracy in calculations. There is also another class besides these who ought 
to possess it ; we mean all persons engaged in carrying wood, where it is requisite to 
ascertain its weight. Mr. Dowsing's tables provide an easy means of domg this. 
Indeed every person who has to do with wood ought to have it." — Hull Advertiser, 



MECHANICS, &c. 



Mechanics Workshop Companion. 

THE OPERATIVE MECHANIC'S WORKSHOP COM- 
PANION, and THE SCIENTIFIC GENTLEMAN'S PRAC- 
TICAL ASSISTANT ; comprising a great variety of the most 
useful Rules in Mechanical Science ; with numerous Tables of Prac- 
tical Data and Calculated . Results. By W. Templeton, Author 
of **Tlie Engineer's, Millwright's, and Machinist's Practical As- 
sistant." Tenth Edition, with Mechanical Tables for Operative 
Smiths, Millwrights, Engineers, &c. ; together with several Useful 
and Practical Rules in Hydraulics and Hydrodynamics, a variety 
of Experimental Results, and an Extensive Table of Powers and 
Roots. II Plates. i2mo, 5^. bound. \_Recenily published, 

" As a text-book of reference, in which mechanical and commercial demands are 
jvicllciously met, Templeton's Comi'ANION stands unrivalled." — Mechanics* MagasiHe, 

" Admirably adapted to the wants of a very lar:ge class. It has met with great 
success in the engineering workshop, as we can testify ; and there are a gXCSLt many 
iiicii who, in a great measure, owe their rise in life to this little work.'* — BuilaiMg Neu*s. 
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Engineers Assistant, 

THE ENGINEER'S, MILLWRIGHT'S, and MACHINIST'S 

PRACTICAL ASSISTANT ; comprising a Collection of Useful 

Tables, Rules, and Data. Compiled and Arranged, with Original 

Matter, by W. Templeton. 4th Edition. i8mo, 2^.6^^. cloth. 

'' So much varied information compressed into so small a space, and published at a 
price which places it within the reach of the humblest mechanic, cannot fail to com- 
mand the sale which it deserves. With the utmost confidence we commend this book 
to the attention of our readers." — Mecfianics' Magazine. 

" Every mechanic should become the possessor of the volume, and a more suitable 
present to an apprentice to any of the mechanical trades could not possibly be made." 
— Building I^rws. 

Designings Measuring^ and Valuing. 

THE STUDENT'S GUIDE to the PRACTICE of MEA- 
SURING, and VALUING ARTIFICERS' WORKS; containing 
Directions for taking Dimensions, Abstracting the same, and bringing 
tlie Quantities into Bill, with Tables of Constants, and copious 
Memoranda for the Valuation of Labour and Materials in the res- 
pective Trades of Bricklayer and Slater, Carpenter and Joiner, 
Painter and Glazier, Paperhanger, &c. With 43 Plates and Wood- 
cuts. Originally edited by Edward Dobson, Architect. New 
Edition, re-written, with Additions on Mensuration and Construc- 
tion, and several useful Tables for facilitating Calculations and 
Measurements. By E. Wyndham Tarn, M.A., Architect. 8vo, 
I Of. 6^. cloth. \yust published, 

" This useful book should be in every architect's and builder's office. It contains 
a vast amount of information absolutely necessary to be known." — The Irish Builder. 

" The book is well worthy the attention of the student in architecture and surveying, 
as by the careful study of it his progress in his profession will be much facilitatca."— 
Mining Journal^ Feb. ii, 1871. 

'* NVe have failed to discover anything connected with the building trade, from ex- 
cavating foundations to bell-hanging, uat is not fully treated upon in this valuable 
work." — The Artizan, March, 1871. 

" Mr. Tarn has well performed the task imposed upon him, and has made many 
further and valuable additions, embodying; a large amount of information relating to 
t~he technicalities and modes of construction employed in the several branches of the 

building trade From the extent of the information which the volume 

eniljodics, and the care taken to secure accuracy in every detail, it cannot fail to prove 
of the highest value to students, whether training in the offices of provincial surveyors, 
or in those of London practitioners." — Colliery Guardian^ February loth, 1871. 

" Altogether the book is one which well fulfils the promise of its title-pa^e, and we 
can tlioroughly recommend it to the class for whose use it has been compiled. Mr. 
'larn'-s additions and revisions have much increased the usefulness of the work, and 
have especially augmented its value to students. Finally, it is only just to the pub- 
hshers to add that the book has been got up in excellent style, the typography being 
bold and clear, and the plates very well executed." — Engineering^ Maroi 24, 1871. 

Sicpcrficial Measurement. 

THE TRADESMAN'S GUIDE TO SUPERFICIAL MEA- 
SUREMENT. Tables calculated from i to 200 inches in length, 
by I to 108 inches in breadth. For the use of Architects, Surveyors, 
Engineers, Timber Merchants, Builders, &c. By James Haw- 

Ki.NGS. Fcp. 3 J. (id. cloth. 
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MATHEMATICS, &c 

Gregory s Practical Mathematics. 

MATHEMATICS for PRACTICAL MEN ; being a Common- 
place Book of Pure and Mixed Mathematics. Designed chiefly 
for the Use of Civil Engineers, Architects, and Surveyors. Part I. 
Pure Mathematics— comprising Arithmetic, Algebra, Geometry, 
Mensuration, Trigonometry, Conic Sections, Properties of Curves. 
Part II. Mixed Mathematics — comprising Mechanics in general. 
Statics, Dynamics, Hydrostatics, Hydrodynamics, Pneumatics, 
Mechanical Agents, Strength of Materials. With an Appendix of 
copious Logarithmic and other Tables. By Olinthus Gregory, 
LL. D. , F.R. A. S. Enlarged by Henry Law, C.E. 4th Edition, 
carefully revised and corrected by J. R. Young, formerly Profes- 
sor of Mathematics, Belfast College; Author of '*A Course of 
Mathematics," &c. With 13 Plates. Medium 8vo, i/. ix. doth. 

" As a standard woi^c on mathematics it has not been excelled."— M4Wna». 

" The engineer or architect will here find ready to his hand, rules for solving^ nestrly 
every mathematical difficulty that may arise in his practice. As a moderate acquaint- 
ance with arithmetic, algebra, and elementary geometry is absolutely necessary to the 
proper understanding of the most useful portions of this book, the author very wisely 
has devoted the first three chapters to those subjects, so that the most ignorant may be 
enabled to master the whole of the book, without aid from any other. The mles are in 
all cases explained by means of examples, in which every step of die process is clearly 
worked out." — Builder. 

** One of the most serviceable books to the practical mechanics of the country. . 
The edition of 1847 was fortunately entrusted to the able hands of Mr. Law, who 
revised it thoroug^y, re-wrote many chapters, and added several sections to those 
which had been rendered imperfect by advanced knowledge. On examining the various 
and many improvements which he introduced into the work, they seem ^most like a 
new structiuc on an old plan, or rather like the restoration of an old niin, not only to 
its former substance, but to an extent which meets the larger requirements of modem 
times. .... In the edition just brought out, the work has again been revised by 
Professor Young. He has modernised the notation throughout, introduced a few 
paragraphs here and there, and corrected the numerous typographical errms whidli 
have escaped the eyes of the former Editor. The book is now as complete as it is 

{»os8ible to make it. ... . We have carried our notice of this book to a greater 
ength than the space allowed us justified, but the experiments it contains are so, 
interesting, and the method of describing them so clear, that we may be excused for 
overstepping our limit. It is an instructive book for the student, and^ a Text- 
book for him who having once mastered the subjects it treats of, needs occasionally to 
refresh his memory upon them." — Bialding News. 

The Metric System. 

A SERIES OF METRIC TABLES, in which the British 
Standard Measures and Weights are compared with those of the 
Metric System at present in use on the Continent By C. H. 
Dow LING, C. E. 8vo, los. 6d. strongly boimd. 

" Mr. Dowling's Tables, which are well put together, come just in time as a ready 
reckoner for the conversion of one system into the other." — Athemeuttu 

'* Their accuracy has been certified by Professor Airy, the Astronomer RoyaL"^ 
Biulder. 

" Resolution 8. — That advantage will be derived from the recent publication of 
Metric Tables, by C. H. Bowling, C.E."— Re^ari 0/ Section F British AssocuttioH, 
^ath. 
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Inwood's Tables, greatly enlarged iond improved. 

TABLES FOR THE PURCHASING of ESTATES, Freehold, 
Copyhold, or Leasehold ; Annuities, Advowsons, &c., and for the 
Renewing of Leases held under Cathedral Churches, Colleges, or 
other corporate bodies ; for Terms of Years certain,. and for Lives ; 
also for Valuing ReTersionary Estates, Deferred Annuities, Next 
Presentations, &c, together with Smart's Five Tables of Compound 
Interest, and an Extension of the same to lower and Intermediate 
Rates. By William Inwood, Architect. The i8th edition, with 
crms^iderable additions, and new and valuable Tables of Lcigarithms 
for the more Difficult Computations of the Interest of Money, Dis- 
count, Annuities, &c., by M. FiroOR Thoman, of the Sodete 
Credit Mobilier of Paris. l2mo, Sj. cloth. 

** This edition {the iZth) differs in many important particulars 
from former ones. The changes consist, first, in a tnere conveMient 
and systematic arrangement ^ the original Tidies, and in the removal 
of certain numerical errors which a very careful revision of the whole 
has enabled the present editor to discover ; and secondly, in the 
extension of practical utility conferred on the work by' the introduction 
of Tables now inserted for the first time. This new and important 
matter is all so much actually added to In WOOD'S TABLES ; nothing 
has been abstracted from the original collection: so that those wko have 
been long in the habit of consulting In WOOD for any special profes- 
sional purpose will, as heretofore, find the information sought still in 
its pages. 

" Those interested in the purchase and sale of estates, and in the adjustment of 
compensation cases, as well as in transactions in annuities, life insurances, &c, will 
find the present edition of eminent service," — Engineering. 

Geometry for tJie Architect, Engineer^ &c. 

PRACTICAL GEOMETRY, for Ae Architect, Ei^neer, and 
Mechanic ; giving Rules for Ae Pdiaeation and Application of 
various Geometrical Lines, Figures and Curves. By E. W. Tarn, 
M.A., Architect, Author of "The Science of Building," &c. 
With 164 Illustrations. Demy 8vo. I2s, dd. [Now ready. 

Compound Interest and Annuities. 

THEORY of COMPOUND INTEREST and ANNUITIES ; 
with Tables of Logarithms for the more Difficult Computations of 
Interest, Discount, Annuities, &c., in all their Applications and 
Uses for Mercantile and State Purposes. With an elaborate Intro- 
duction. By FfeDOR Thoman, of the Societe Credit Mobilier, 
Paris. l2mo, cloth, 5^. 

"A very powerful work, and the Author has a very renuukable comraand of iris 

subject." — Professor A. de Morgan. 

"No banker, merchant, tradesman, or man of biismos, oai^t to be widiout Mr. 

Thoman's truly * handy-book,'"-^ J? «w«/. 

" The author of this ' handy-book * deserves our thanks.*^ — Insurance Gaxetie. 
" We recommend it to the notice of actuaries and zcconntants." ^AtAemtum. 
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SCIENCE AND ART. 



The Military Sciences, 

AIDE-MEMOIRE to the MILITARY SCIENCES. Framed 
from Contributions of Officers and others connected with the dif- 
ferent Services. Originally edited by a Committee of the Corps of 
Royal Engineers. Second Edition, most carefully revised by an 
Officer of the Corps, with many additions ; containing nearly 350 
Engravings and many hundred Woodcuts. 3 vols, royal 8vo, eictra 
cloth boards, and lettered, price 4/. lOf. 

"A compendious encyclopaedia of military knowledge, to which we are greatly in- 
debted." — Edinburgh Review. 

" The most comprehensive work of reference to the military and collateral sciences. 
Among the list of contributors^ some seventy-seven in number, will be found names of 
the highest distinction in the services. . . . The work claims and possesses the great 
merit that by far the larger portion of its subjects have been treated originally by the 
pra«tical men who have oeen its contributors. — Volunteer Service Gazette^ 

Field Fortification. 

A TREATISE on FIELD FORTIFICATION, the ATTACK 
of FORTRESSES, MILITARY, MINING, and RECON- 
NOITRING. By Colonel I. S. Macaulay, late Professor of 
Fortification in the Royal Military Academy, Woolwich. Sixth 
Edition, crown 8vo, cloth, with separate Atlas of 12 Plates, sewed, 
price I2J. complete. 

Dye- Wares and Colours. 

THE MANUAL of COLOURS and DYE- WARES : their 

Properties, Applications, Valuation, Impurities, and Sophistications. 

For the Use of Dyers, Printers, Dry Salters, Brokers, &c. By J. 

W. Slater. Post 8vo, cloth, price *J5, 6d. \Recently published. 

" Essentially a manual for practical men, and precisely such a book as practical 
men will appreciate." — Scientijic Review. 

*' A complete encyclopaedia of the materia tinctoria. The information given 
respecting each article is full and precise, and the methods of determining the value 
of articles such as these, so liable to sophistication, are given with clearness, and are 
practical as well as valuable." — Chemist arid Druggist, 

Electricity, 

A MANUAL of ELECTRICITY ; including Galvanism, Mag- 
netism, Diamagnetism, Electro-Dynamics, Magno-Electricity, and 
the Electric Telegraph. By Henry M. Noad, Ph.D., F.C.S., 
Lecturer on Chemistry at St. George's Ho.<?pital. Fourth Edition, 
entirely rewritten. Illustrated by 500 Woodcuts. 8vo, i/. 4?. cloth. 

" This publication fully bears out its title of ' Manual' It discusses in a satisfactory 
manner electricity, frictional and voltaic, thermo-electricity, and electro-physiology. 
— A tJieiueiim, 

" The commendations already bestowed in the pa^es of the Lancet on the former 
editions of this work are more than ever merited by the present. The accounts given 
9f electricity and galvanism are not only complete m a scientific sense, but, which is a 
xarer thing, are popular and interesting." — Lancet. 



WORKS PUBLISHED BY LOCKWOOD & CO. 25 

Text-Book of Electricity, 

THE STUDENT'S TEXT-BOOK OF ELECTRICITY: in- 
eluding Magnetism, Voltaic Electricity, Electro-Magnetism, Dia- 
magnetism, Magneto-Electricity, Thermo-Electricity, and Electric 
Telegraphy. Being a Condensed R^ume of the Theory and Ap- 
plication o^ Electrical Science, including its latest Practical Deve- 
lopments, particularly as relating to Aerial and Submarine Tele- 
graphy. By Henry M. Noad, Ph.D., Lecturer on Chemistry at 
St. George's Hospital. Post 8vo, 400 Illustrations, I2j. 6</. cloth. 

•* We can recommend Dr. Noad's book for clear style, great range of subject, a good 
index, and a plethora of woodcuts. Such collections as the present are indispensable." 
— A t/ietueu7n. 

" A most elaborate compilation of the facts of electricity and magnetism, and of the 
theories which have been advanced concerning them." — Popular Sciettce Review. 

*• Clear, compendious, compact, well illustrated, and well printed, this is an excel- 
lent manual." — Lancet, 

*' We can strongly recommend the work, as an admirable text-book, to every student 
— beginner or advanced — of electricity." — Engineering. 

" The most complete manual on the subject of electricity to be met with." — Observer. 

" Nothing of value has been passed over, and nothing given but what will lead to a 
correct, and even an exact, knowledge of the present state of electrical science." — 
Alec/uznics' Magazine. 

"We know of no book on electricity containing so much information on experi- 
mental facts as this does, for the size of it, and no book of any size that contains so 
complete a range of facts." — English Mechanic. 

Riidimentary Magnetism. 

RUDIMENTARY MAGNETISM : being a concise exposition 
of the general principles of Magnetical Science, and the purposes 
to which it has been applied. By Sir W. Snow Harris, F.R.S. 
New and enlarged Edition, with considerable additions by Dr. 
Noad, Ph.D. With 165 Woodcuts. i2mo, cloth. 4J. 6d. 

\_Naw ready. 

Chemical Analysis, 

THE COMMERCIAL HANDBOOK of CHEMICAL ANA- 
LYSIS ; or Practical Instructions for the determination of the In- 
trinsic or Commercial Value of Substances used in Manufactures, 
in Trades, and in the Arts. By A. Normandy, Author of ** Prac- 
tical Introduction to Rose's Chemistry," and Editor of Rose's 
"Treatise of Chemical Analysis." Illustrated with Woodcuts. 
Second and cheaper Edition, post 8vo, 9J. cloth. 

"We recommend this book to the careful perusal of everyone; it maybe tnJy 
affirmed to be of universal interest, and we strongly recommend it to our readers as a 
guide, alike indispensable to the housewife as to uie pharmaceutical practitioner." — 
Medical Titnes. 

" The very best work on the subject the English press has yet produced."— ^^- 
chanics' Magazine. 

Practical Philosophy, 

A SYNOPSIS of PRACTICAL PHILOSOPHY. By the Rev. 
John Carr, M.A., late Fellow of Triit ColL, Cambridge. Second 
Edition. i8mo, 5j. cloth. 
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Science and Art. 

THE YEAR-BOOK of FACTS in SCIENCE and ART ; ex- 
hibiting the most important Improvements and Discoveries of the 
Past Year in Mechanics and the Useful Arts, Natural Philosophy, 
Electricity, Chemistry, Zoology and Botany, Geology and Mine- 
ralogy, Meteorology and Astronomy. By John- TlMBS, F.S.A., 
Author of "Curiosities of Science," ''Things not Generally 
Known," &c. With Steel Portrait and VignettCk Fcap. 5j. cloth. 

r %* This Tvark, pttblisked annually , records the pr^ceedmgs of the 

,; principal scientific societies^ and is indispensable to aU. who wtsk to 

I ;; * possess a faithjul record of the latest novdties in science and the arts. 

|! The back Volumes, from 1861 to 1870, each containing a Steel 

L Portrait, and an extra Volume for 1862, with Photograph, may still 

jl be had, price 5^. each. 

] ' ' Persons who wish for a concise annual summary of important scientific ereals will 

it find their desire in the * Year Book of Facts.' **—Atinueum. 

** The standard work of its class. Mr. Tlmbs's ' Year Book ' is ahrays fall of sogges- 
II tive and interesting matter, and is an excdlent risutni of the- year's laugieas in the 

|i sciences and the arts." — Buildtr. 

'j "A correct exponent of scientific progress .... a record of abiding -interest. If 

{ anyone wishes to know what progress science has made, or what has been done in any 

Inanch of art during the past year, he has only to turn to Mr. TuniK's pages^ and 
J is sure to obtain the required information." — Mtchanic^ MttgoMtiae. 

'*, " An invaluable compendium of scientific progress for which the pidblic arc indabtsd 

' to the untiring energy of Mr. Timbs." — Atlas. 

' '* There is not a more4iseful or more intereftfipgcompilation than the * Year Book of 

j Facts.' . . . The discrimination with which Mr. j[lmbs selects his facts, and theadnu- 

I raUe manner in which he condenses into a compaiaiively short ^>ace all the salient 

features. of the matters which be places on.record, are deserving of great -pnuse."— 

Raii»ay News. 
i 

Science and Scripture. 

SCIENCE ELUCIDATIVE OF SCRIPTURE, AND NOT 
■ ANTAGONISTIC TO IT ; being a Series of Essays on— i. 

I Alleged Discrepancies ; 2. The Theory of the Geologists and 

Figure of the Earth ; 3. The Mosaic Cosmogony; 4, Mindes in 
general — Views of Hume and Powell ; 5. The Miracle of Joshua — 
Views of Dr. Colenso : The Supematurally Impossible ; 6. The 
Age of the Fixed Stars— their Distances and Masses. By Professor 
J. R. Young, Author of " A Course of Elementary Mathematics," 
&c. &c. Fcap. 8vo, price $s. cloth lettered. 

" Professor Young's examination of the early verses of Genesis, in connectaan with 
modem scientific hypotheses, is aactHiiaaXj*— English C km rt hmm m 

" Distinguished by the true spirit of scientific inqniry. by great knoadkdga, by keen 
logical ability, and by a style peculiarly clear, easy, and energetic." — Namcm^rmia L 



** No one can rise from its pcnrnsal without haam i m pre sse d with a-senM-of .die sin- 
gular weakness of modem scepticism." — Baptist Magazine. 

" The author has displayed considerable leaming,and criticai acumen in combattOg 
the objections alluded to The volume, is one of considerable •value, inas- 
much as it contains much sound thought, and is calculated to assist the reader to dis- 
criminate truth from error, at least so far as a finite mind is aUe to sepaiate them. 
The work, therefore, must be considered to be a valuable contributaon to ooalBOversial 
theological literature.'* — City Press. 
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Geology and Genesis Harmonised, 

THE TWIN RECORDS of CREATION; or, Geology and 
Genesis, their Perfect Harmony and Wonderftil Concord. By 
George W. Victor Le Vaux. With numerous lilustiations. 
Fcap. 8vo, price 5j. cloth. 

" We can reccrmmend Mr. Lc Vaux as an able arid interesting' guide to a popular 
appreciation of geological science. " — Spectator. 

"The author combines an unbounded ad uiirati on of science ivith'an nnfaQUdded 
admiration of the Written Record. The two impulses are balanced ta a nicety ; aad 
the consequence is^ that difficulties, which to iminds less .evenly poised, 'Wwdd' be 
serious, find immediate solutions of the happiest kindsi" — London Review. 

" A most instructive and readable book. We^welcorae' this volume -as laidiifg in a 
most important discussion, and commend it to those interested in die subject." — 
E^ion^elical Magasine. 

" Vigorously written, reverent in^irit, stoicd<with:instractave:geological:fiu:ts, and 
designed to show that there is no discrepancy or incononteney <be^Nreen the Word and 
the works of the Creator. The future-of Nature, in connexion with thegloziousL destiny 
of man, is vividly conceived."— WarfMwttw*. 

" No real difiBculty is shidccd,-and;ao.soplii8tfyis left mMKfMsedr'' — 7^ Hock. 

Geology, Physical. 

PHYSICAL GEOLOGY. (Partly based on Majo^General 
Portlock's Rudiments of Geology.) By Ralph Tate, A.L.S,, 
F.G.S. Numerous Woodcols. i2mQ,:;2^. IRtady. 

Geology, Historical. 

HISTORICAL GEOLOGY. (Partly based on Major-Gcneral 
Portlock's Rudiments of Geology.) % Ralph Tate, A.L.S., 
F.G.S. Numerous Woodcuts, izmo^^zs. (td. \jReady, 

Wood-Carving. 

INSTRUCTIONS in WOOD-GARVING, fcrr Amateurs; with 
Hints on Design. By A -Lady. In-.emUematic wrapper, hand- 
somely printed, with T«n large Plates, price '2j'. 6^. 

" The handiaraft of the wood-carver, 9U> -well asabook can. nnpntit,:iaay>be<leamt 

from * A Lady's ' publication."— ci44Am(M»K. 

' ' A real practical gtdde. It is very- complete. ^-rZiteinrr^ Qkmrehimmm,, 

" The directions given are plain anid -easily «ndeartoodr>and itibnas a very good 

introduction to the practical part of the carver's art." — Engliah^^dtohemic. 

Popular Work on /Pointing. 

PAINTING POPULARLY EXPLAINED ; with "Historical 
Sketches of the Progress of the Art. By Thomas JoHN Gullick, 
Painter, and JOHN TiMBS, F.S.A. Second Edition, revised and 
enlarged. With Frontispiece and Vignette. In small '8vo, dr. cloth. 

%* This Work has beenadoptedas .a Prifle4x)ok in the Schools 
of Art at South KensiogtOD. 

" A work that maybe advantageously coBiitoed. "tiiiichiBiiy be. leaned, e«en'1i|y 
those who fancy they do not require to be taught,%om the careful perusal of this 
unpretending but comprehensive treaUse.**— w4W 7Iw#ri»a/. 

" A valuable book, vwfaich supplies a want. It-coBtxins:a4aM(e'amoattti}f (mgiHal 
matter, agreeably conveyed, and ^vill be iiMnd Dfwdue,-as mm. by ^he-ymnig artist 
seeking information as by the^eneral reader. WetgieoaxotdialnirMCome to the book, 
.ind augur for it an increasing reputation. ''—•j9wi/<drr. 

" This volume is one that we can h ciaUl y r e uemm end-to jdl who are desirous of 
understanding what they admise iu^a godd^ynmringt'^-'^/'^iASK A%««r. 
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Delamotte^ s Works on Illumination & A Iphabets. 

A PRIMER OF THE ART OF ILLUMINATION ; for th< 
use of Beginners : with a Rudimentary Treatise on the Art, Prac- 
tical Directions for its Exercise, and numerous Examples taker 
from Illuminated MSS., printed in Gold and Colours. By F. Dela- 
MOTTE. Small 4to, price 9J. Elegantly bound, cloth antique. 

•* A handy book, beautifully illustrated ; the text of which is well written, and cal 
culated to be useful. . . . The examples of ancient MSS. recommended to the student 
which, with much good sense, the author chooses from collections accessible to all, art 
selected with judgment and knowledge, As well as taste." — Athenaum. 

ORNAMENTAL ALPHABETS, ANCIENT and MEDIEVAL : 
from the Eighth Century, with Numerals ; including Gothic, 
Church-Text, large and small, German, Italian, Arabesque, Initials 
for Illumination, Monograms, Crosses, &c. &c., for the use oi 
Architectural and Engineering Draughtsmen, Missal Painters, 
Masons, Decorative Painters, Lithographers, Engravers, Carvers, 
&c. &c. &c. Collected and engraved by F. Delamotte, and 
printed in Colours. Royal 8vo, oblong, price 4J. cloth. 

"A well-known engraver and draughtsman has enrolled in this useful book the 
result of many years' study and research. For those who insert enamelled sentence: 
round gilded chalices, who blazon shop legends over shop-doors, who letter churcli 
walls with pithy sentences from the Decalogue, this book will be osefuL" — Athetueunt, 

EXAMPLES OF MODERN ALPHABETS, PLAIN and ORNA- 
MENTAL ; including German, Old English, Saxon, Italic, Per- 
spective, Greek, Hebrew, Court Hand, Engrossing, Tuscan, 
]■ Riband, Gothic, Rustic, and Arabesque; with several Original 

i Designs, and an Analysis of the Roman and Old English Alpha- 

I bets, large and small, and Numerals, for the use of Draughtsmen, 

I Surveyors, Masons, Decorative Painters, Lithographers, Engravers, 

I Carvers, &c. Collected and engraved by F. Delamotte, and 

;! printed in Colours. Royal 8vo, oblong, price 4f. cloth. 

i ** To artists of all classes, but more especially to architects and engravers, this very 

.' . handsome book will be invaluable. There is comprised in it every possible shape into 

1 which the letters of the alphabet and numerals can be formed, and the talent which 

I has been expended in the conception of the various plain and ornamental letters is 

wonderful. ^'-Standard. 

MEDIAEVAL ALPHABETS AND INITIALS FOR ILLUMI- 
! NATORS. By F. Delamotte, Illuminator, Designer, and 

\ Engraver on Wood. Containing 21 Plates, and Illuminated Title, 

printed in Gold and Colours. With an Introduction by J. Willis 

Brooks. Small 4to, 6j. cloth gilt. 

"A volume in which the letters of the alphabet come forth glorified in gilding and 
all the colours of the prism interwoven and intertwined and intermingled, sometimes 
with a sort of rainbow arabesque. A poem emblazoned in these characters would be 
only comparable to one of those delicious love letters symbolized in a bunch of flowers 
well selected and cleverly arranged." — Sun. 

THE EMBROIDERER'S BOOK OF DESIGN ; contaming Initials, 
Emblems, Cyphers, Monograms, Ornamental Borders, Ecclesias- 
tical Devices, Mediaeval and Modem Alphabets, and National 
Emblems. Collected and engraved by F. Delamotte, and 
printed in Colours. Oblong royal 8vo, 2s, 6d, in ornamental boards. 
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AGRICULTURE, &c. 



Yoicatt and BtirrCs Complete Grazier. 

THE COMPLETE GRAZIER, and FARMER'S and CATTLE- 
BREEDER'S ASSISTANT. A Compendium of Husbandry. 
By William Youatt, Esq., V.S. nth Edition, enlarged by 
Robert Scott Burn, Author of "The Lessons of My Farm," &c. 
One large 8vo volume, 784 pp. with 215 Illustrations. l/. I J. hsdf-bd. 



CONTENTS. 



( );/ the Breedings Rearing, Fattening^ 
and General Management t^Neat Cattle. 
— I ntroductory View of the different Breeds 
of Neat Cattle in Great Britain. — Com- 
parative View of the different Breeds of 
Neat Cattle. — General Observations on 
P.uving and Stocking a Farm with Cattle. 
— The Bull. — The Cow. — Treatment and 
Rearing of Calves. — Feeding of Calves for 
Veal. — Steers and Draught OxeiL — Graz- 
insj Cattle. — Summer Soiling Cattle. — 
Winter Bex and Stall-feeding Cattle. — 
Artificial Food for Cattle. — Preparation 
>f Food. — Sale of Cattle. 

On the Ecotionty and Management 0/ 
the Dairy. — Milch Kine. — Pasture and 
)ther Food best calculated for Cows, as 
it regards their Milk. — Situation and 
liuildmgs proper for a Dairy, and the 
proper Dairy Utensils. — Management of 
Milk and Cream, and the Making and 
Preservation of Butter. — Making and Pre- 
servation of Cheese. — Produce of a Dairy. 

On tlie Breeding, Rearing, and Ma- 
ungemeyit of Farm-fwrses, — Introductory 
;*nd Comparative View of the different 
1 '.reeds of Farm-horses. — Breeding Horses, 
Cart Stallions and Mares. — Rearing and 
Training of Colts. — Age, Qualifications, 
.ind Sale of Horses. — Maintenance and 
f .abour of Farm-horses. — Comparative 
Merits of Draught Oxen and Horses.— 
Asses and Mules. 

On the Breeding, Rearing, and Fat- 
tening 0/ Sheep. — ^Introductory and Com- 
parative View of the different Breeds.^ 
Merino, or Spanish Sheep. — Breeding and 
Management of Sheep. — Treatment and 
Rearing of House-lambs, Feeding of Sheep, 
Folding Sheep, Shearing of Sheep, &c 

< hi the Breeding, Rearing, and Fat- 
tcnin^^of Sivine. — -Introductory and Com- 
parati\e View of the different Breeds of 
Swine. — Breeding and Rearing of Pigs. — 
Fcetlmg and Fattening of Swine. — Curing 
I'urk and Bacon. 



On the Diseases of Cattle. — Diseases 
Incident to Cattle. — Diseases of Calves.— 
Diseases of Horses. — Diseases of Sheep. — 
Diseases of Lambs. — Diseases Incident to 
Swine. — Breeding and Rearinz of Do- 
mestic Fowls, Pigeons, &c. — PaJmipedes, 
or Web-footed kinds. — Diseases of Fowls. 

On Farm Offices and Implements of 
Husbandry. — The Farm-house, the Farm- 
yard, and its Offices. — Construction of 
Ponds. — Farm Cottages. — Farm Imple- 
ments. — Steam Cultivation. — Sowing Ma- 
chines, and Manure Distributors. — Steam 
Engines, Thrashing Machines, Corn- 
dressing Machines, Mills, Bruising Ma- 
chines. 

On the Culture ahd Management oj 
Gra^s Land. — Size and Shape of Fields. 
— Fences. — Pasture Land. — Meadow 
Land. — Culture of Grass Land. — Hay- 
making. — Stacking Hay. — Impediment!* 
to the Scythe and the Eradication of 
Weeds.— Paring and Burning. — Draining. 
Irrigation. — Warping. 

On the Cultivation and Application 
of Grasses, Pulse, and Roots. — Natural 
Grasses usually cultivated. — Artificial 
Grasses or Green Crops. — Grain and 
Pulse commonly cultivated for their 
Seeds, for their Straw, or for Green 
Forage. — Vegetables best calculated for 
Animal Food. — Qualities and Compara- 
tive Value of some Grasses and Roots as 
Food for Cattle. 

On Manures in General, and their 
Amplication to Grass Land. — Vegetable 
Manures. — Animal Manures. — Fossil and 
Mineral Manures.— Liquid or Fluid Ma- 
nures. — Composts. — Preservation of Ma- 
nures. — Application of Manures. — Flemish 
System of Manuring.— Farm Accoimts, 
and Tables for CalcuUting Labour by the 
Acre, Rood, &c., and by the Day, Week, 
Month, &c. — Monthly Calendar of Work 
to be done throughout the Year. — Obser- 
vations on the Weather. — Indkx. 



" The standard, and text-book, with the farmer and grazier." — Farmer's Magazine. 

" .\ valuable repertory of intelligence for all who make agriculture a pursuit, and 
'r-pecially for those who aim at keeping pace with the improvements of the age."^ 

Bell's Messenger. 

" .\ treatise which will remain a standard work on the tubject as long as British 
ngriniUure endures." — Mark Lane E.xpress, 



30 WORKS PUBLISHED BY LOCKWOOD & CO. 

Scott Burn's Introdticiion to Fanning, 

THE LESSONS of MY FARM : a Book for Amateur Agric 
turists, being an Introduction to Farm Practice, in the Culture 
Crops, the Feeding of Cattle, Management of the Dairy, Poult 
and Pigs, and in the Keeping of Farm* work Records. By Robe 
Scott Burn, Editor of **The Year-Book of Agricultural Fact 
&c. With numerous Illustrations. Ftp. 6j. cloth. 
"A most complete introducti<m to the whole round of fanmns' p ractice.**— y 

Bull. 

"There are many hints in It which even old farmers need not be ashamed 

accept." — Morning Herald. 

Tables for Land Valuers. 

THE LAND VALUER'S BEST ASSISTANT : bdngTabl 
on a very much improved Plan, for Calculatiog the Valne 
Estates. To which are added. Tables for reducing Scotch, Iri 
and Provincial Customary Acres to Statute Measure ; also, Tab 
of Square Measure, and of the various Dimensions- of an Acre 
Perches and Yards, by which the Contents of any Plot of Gron 
may be ascertained without the expense of a regular Survey ; k 
By R. PIUDSON, Civil Engineer. New Edition, with Additions a 

Corrections, price. 4?. strongly bound. 
" This new edition includes tables for ascertaining the -value of leMes ibr ny-tt 
of years : and for showing how to lay out plots of ground of certain acres in fbxi 
square, round, &c., with valuable rules for ascertaimng the probable worth of lUtnd 
timber to any amount ; and is of incalculable value to the country gentleman and { 
fessional man." — Farmer's yourmU. 

The Laws of Mines and Mining Companies, 

A PRACTICAL TREATISE on the LAW RELATING 
MINES and MINING COMPANIES. By Whitton Am 
DELL, Attomey-at-Law. Crown 8vo. 4r. cloth. 

Auctioneer's Assistant, 

THE APPRAISER, AUCTIONEER, BROKER, HOU15 
AND ESTATE AGENT, AND VALUER'S POCKET A 
SI ST ANT, for the Valuation for Purchase, Sale, or Renewal 
Leases, Annuities, and Reversions, and of property ^[enerali; 
with prices for Inventories, &c By John Wheeler, Valuer,^ 
Third Edition, enlarged, by C. No&Ris. Royal 32mo, strong 
bound, price 5^. \yust puktishi. 

" A neat and concise book of reference, containiiig an admirable and deari 

arranged list of prices for inventories, and a very pnoctical guide -to det ec M me t 

value of furniture, &C."— «S'/S«irfim/, June 27, 1871. 

The Civil Service Book-keeping. 

BOOK-KEEPING NO MYSTERY : its Principles popularir* 
plained, and the Theory of Double Entry^analjrsed ; for the use 
Young Men commencing Business, Examination Candidates, n 
Students generally. By an Experienced Book-Keeper, late 
H.M. Civil Service. Second Edition. Fcp. 8vo. price 2x. cloth 
"A book which brings the so^alled myateries -within .the c o m pidi ciiBiDn of t 
simplest capacity." — Sunday Times. 

"It is clear and concise, and exactly such a text-book.as stodants Mquire." 
Quarterly Journal of Edi€catiott, 



